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Executive  Summary 


by  John  J  Furlani 


1.  Introduction 

In  perusing  this  report,  the  reader  must  remain 
aware  of  the  fact  that  the  bulk  of  the  material 
presented  herein  was  originally  written  in  t976 
Except  for  minor  technical,  ed'tonal,  and  manu¬ 
script  preparation  changes,  the  chapter  contents 
represent  the  thinking  and  predictions  of  the  chap¬ 
ter  authors  at  the  concept  planning  stage  of  ti«e 
Prototype  Validation  Facility  (PVF).  It  is  quite  grati¬ 
fying  to  the  authors  that  so  many  of  the  ideas, 
innovations,  and  applications  eventually  worked 
themselves  into  the  actual  architectural  design 
plans  and  functional  criteria  for  the  PVF 

Considerable  support  »"as  found  and  a  major 
effort  was  expended  in  bringing  this  project  through 
the  many  steps  of  the  Military  Construction  Army 
(MCA)  program  Approval  for  this  line  item,  entitled 
Research  and  Engineering  Support  Annex  (RESA), 
was  received  up  to  the  level  of  the  Office  of  the 
Secretary'  of  Defence,  and  it  was  included  in  the 
FV79  and  -80  MCA  budgets  The  level  of  approval 
resulted  in  the  Corps  of  Engineers  awarding  35- 
percent  funding  for  architectural  concept  design. 
Unfortunately,  tn  each  fiscal  year,  economic  re¬ 
straints  and  demands  of  programs  having  higher 
priontv  deferred  the  start  of  construction  At  this 
time,  the  project  has  been  deleted  from  the  MCA 
listing,  and  its  future  is  uncertain 

To  a  large  extent,  the  effort  required  for  updat¬ 
ing  the  PVF  design,  presentation,  and  document  a 
lion  took  precedence  over  issuance  of  this  report 
Additionally,  the  hope  that  authors  would  update 
their  chapters  and  put  them  into  a  more  potisnod 
stale  was  never  fully  achieved  This  situation  was 
somewhat  expected,  since  funding  had  been  ex¬ 
pended  and  higher  pnonty  demands  almost  always 
existed  for  all  personnel  involved  tn  the  report 

Nevertheless,  this  report  is  now  being  issued 
to  complete  project  commitments  and  to  serve  as  a 
record  of  the  conceptual  thinking  that  went  into  the 
design  of  the  PVF  The  concept  incorporating 
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production  methods  into  prototype  design  and  vali¬ 
dation,  is  still  viable  Even  though  the  concept  will 
not  now  be  earned  out  m  a  thorough,  formalized 
manner  tn  a  dedicated  facility,  the  authors  are 
confident  that  the  ordnance  community  is  aware  of 
the  problem  and  will,  as  much  as  possible,  consider 
and  incorporate  production-compatible  materials, 
methods,  and  designs  into  the  prototype  develop¬ 
ment  phase. 


2.  Historical  Background 

The  Harry  Diamond  laboratories  (HDl)  has 
been  developing  electronic  fi.zes  since  World  War 
II.  when  the  Laboratories  were  the  Ordnance  Divi¬ 
sions  of  the  National  Bureau  of  Standards  (NBS).  It 
was  there  that  the  first  proximity  fuzes  were  in¬ 
vented.  The  fuze  concepts,  eartv  designs,  proto¬ 
types,  and  tests  were  done  in-house,  and  contracts 
were  then  awarded  to  private  industry  for  product 
engineering  and  initial  production  These  contracts 
were  then  managed  by  a  small  group  of  laboratory 
people  who  had  been  involved  in  development  of 
the  fuze  design.  This  method  of  operation  was  quite 
successful  and  remained  the  laboratory  operational 
policy  through  the  following  years 

In  the  1950's,  the  ordnan-c  functions  of  NBS 
laboratories  were  transferred  to  the  Army  and  these 
laboratories  became  the  Diamond  Ordnance  Fuze 
Laboratones  (the  forerun.ier  of  Harry  Diamond 
Laboratones.  so  named  to  honor  the  inventor  of  the 
proximity  fuze)  An  Industrial  Division  was  estab¬ 
lished  to  oversee  aspects  of  post -development  fuze 
production  The  engineenng  staff  in  this  Division 
was  not  a  part  of  any  research  and  development 
(R&D)  activities  They  prepared  the  Technical  Data 
Package  (TDP),  which  was  the  documentation  that 
included  drawings  and  specifications  of  the  fuze  to 
be  produced  by  industry.  This  Division  was  also 
involved  in  product  improvement  and  production 
support — services  that  were  obtained  by  contracts 
to  private  industry 
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In  the  late  1950  s,  certain  shortcomings  in  the 
division  of  responsibilities  between  the  R&D  and 
technical  activities  were  evident  scarce  engineer¬ 
ing  talent  was  squandered  by  duplication  of  effort, 
the  life  cycle  of  the  fuzes  (from  invention  to 
production)  was  lengthened  because  of  (necessary) 
relearning  v  hen  the  fuze  project  moved  from  R&D 
into  Industrial  Engineering  (IE),  and  probably  the 
most  serious  shortcoming  was  the  occurrence  of 
the  factor  called  NIH  (not  invented  here)  This 
factor  accounted  for  the  impossibility  of  pinpointing 
responsibility  and  explaining  field  performance  de 
ficiencies  Tlie  R&D  people  would  say  tcorrectly) 
that  the  fuze  was  working  properl>  when  they 
completed  their  phase  The  IE  people  claimed  (cor¬ 
rectly)  that  the  design,  as  g'ven  to  them,  had  to  be 
redone  before  the  fuze  could  be  manufactured  The 
contractor  would  say  (correctly)  that  the  end  item 
wis  produced  in  keeping  with  the  requirements  of 
the  TOP 

To  remedy  this  grievous  situation,  the  opera¬ 
tion  was  reorganized.  The  Engineering  and  Product 
Assurance  Division  wa<  made  the  responsible  Com¬ 
modity  Manager,  direc»*ng  industrial  engineering 
activities  The  technical  people  responsible  for  engi 
neenng  were  located  ir  various  laboratories  After 
completion  of  the  R&D  phases,  these  laboratory 
people  would  ‘  change  nats,  so  to  speak,  and 
would  report  to  the  Engineering  and  Product  Assur 
ance  Division  as  contract  monitors  The  complete- 
procedure  follows 

Concept  design,  fabrication  of  early  proto¬ 
types.  and  testing  to  prove  teasibility  were  contin¬ 
ued  m-housc.  At  that  stage,  development  contracts 
were  awarded  for  the  design  to  be  engineered  for 
production  and  for  development  quantities  to  be 
fabricated  The  tests  of  these  units  continued 
through  what  has  come  to  be  known  as  the  DT-1 
(developmental  testing)  and  DT-2  phases  and,  fi¬ 
nally,  through  Type  Classification  (TO  Concu*- 
rently  with  development  and  testing,  the  contractor 
prepared  the  drawings,  specifications,  and  inspec¬ 
tion  equipment  data  that  became  part  of  the  TOP. 

After  TC,  the  ‘first  buy"  (a  small-quantity 
procurement)  was  handled  by  the  Industrial  Divi¬ 


sion.  which  subcontracted  the  technical  support  to 
the  project  group  in  the  development  laboratones. 
It  was  at  this  time  that  engineering  for  production 
activities  was  conducted,  if  necessary  This  proce¬ 
dure  has  continued,  essentially  unchanged,  to  the 
present  time 

It  became  appaieni  that  b'. cause  of  time  con¬ 
straints  and  limited  fund.,  engineering  for 
production  could  not  ensure  that  the  fuze  would  be 
designed  for  manufacture  at  the  lowest  cost  on  a 
production  line  In  addition,  the  process  was  ineffi¬ 
cient,  since  the  m-house  project  group  performing 
the  development  was  not  well  versed  in  production 
methods.  The  situation  was  further  complicated  by 
the  fact  that  industrial  contractors  were  not  sensi¬ 
tive  to  the  demands  imposed  by  development 
engineering. 

In  most  cases  the  fuze  under  development 
was  intended  to  provide  an  advancement  m  the 
state  of  the  art  Thus,  it  contained  components  and 
assemblies  that  were  relatively  unique  and  had  not 
been  manufactured  previously,  since  a  sponsor 
could  justify  funding  support  only  if  significant  per¬ 
formance  gams  could  be  realized  As  a  result  new 
manufactunng  approaches  had  to  be  developed  or 
established  processes  had  to  be  modified  More 
often  than  not.  unfortunately,  manufacturing  me¬ 
thods  for  production  occurred  after  development 
was  completed  and  production  was  already  under¬ 
way  Many  development  programs  were  also  ad¬ 
versely  affected  by  the  urgent  need  to  manufacture 
large  quantities  of  .'uzes  for  delivery  to  the  field.  This 
was  especially  true  dunng  the  Korean  and  South¬ 
east  Asia  conflicts,  although  it  continued  through 
the  cold  war '  Concurrently,  much  concern  was 
expressed  by  sponsors  as  well  as  by  the  laboratory 
command  about  the  h.gh  cost  of  proximity  fuzes 
and  their  cost -effectiveness  compared  to  more  con¬ 
ventional  fuzes  Performance  charadenstics  such 
as  weapon  effectiveness,  functional  reliability,  and 
safety  were  spotlignted  in  relation  to  the  cost  of  the 
fuze.  Performance  levels  that  were  acceptable 
when  the  fuze  cost  $15  to  $20  could  not  be 
justified  when  the  fuze  cost  $30  to  $40  It  is  now 
clear  that  the  situation  was  not  as  serious  as  it 
seemed,  because  (1)  there  was  a  requirement  for 


mere  stringent  performance  that  included  a  quan¬ 
tum  increase  in  safety  and  made  the  fuze  more 
complex  and  costly  and  (2)  inflation  was  increasing 
the  cost  at  a  rate  higher  than  in  the  past 


3.  Alternative  Operating  Methods 

U  was  obvious  to  many  people  that  if  we  were 
to  reverse  the  rising  trend  in  fuze  costs,  some 
changes  in  our  operating  methods  were  essential 
The  most  obvious  solutions  dealt  witn  rising  labor 
costs  and  the  use  of  mechanization  or  automation 
to  reduce  those  costs  Programs  like  the  40-mm 
proximity  fuze  project  during  the  Southeast  As*a 
conflict  advanced  the  concept  of  developing  the 
automated  production  line  in  parallel  with  the  fuze 
development  This  meant  tailoring  the  production 
machines  and  tooling  to  the  fuze  design,  thus  com¬ 
pressing  the  development  and  industrial  phases 
This  approach  offered  not  only  low  production 
costs  but  also  a  reduction  in  the  time  required  to  go 
from  concept  »o  production  A  major  consideration 
of  this  type  of  approach  is  that  it  presents  a  higher 
risk  than  the  past  conventional  approach,  since  a 
large  expenditure  is  required  for  tooling  even  before 
the  fuze  design  has  been  thoroughly  proven  Actu¬ 
ally,  however,  it  may  be  a  general  corollary  that  to 
make  substantial  savings  in  production  costs,  higher 
initial  risk  is  necessary  Another  factor  to  be  under¬ 
stood  is  that  flexibility  in  'he  -.c  o*  the  equipment  is 
limited  and  it  in  thus  -elective  onlv  when  large 
quantises  are  to  fc*  j. 

V-'  ♦  rthdoss.  trx-  app  oach  did  gam  accep¬ 
tance  "  vi*jte  production  costs,  several  lure 
progiaei'.  inindiKCil  design  of  the  ~:,inufacturing 
equipment  tor  the  fuze  during  the  eartv  Ni.it of  the 
tuze  Oe-'v-v/pmeni  life  cvcle  ral.ic:  a  i  t!» 

i>x!i»>»r.a!  j.nase  was  reached  An  im  vrf*'**'  ■ 
lion  to  ttiis  statement  m*hl  be  that  :r..-s  c^w^.sly 
a  good  idea  that  should  be  un.se.  -ill*  ai.  'i-r-e  In 
fact,  one  might  go  even  further  and  cnarge  that 
unless  this  procedure  was  followed  all  along, 
money  was  wasted  The  tact  is.  however,  that 
developmental  fuze  projects  have  been  funded  and 
scheduled  in  a  wav  that  prevented  manufacturing  a 
low -cost,  mass-producible  end  item 


4.  Organizational  Limitations 

One  can  imagine  that  developmental  engi¬ 
neers  are  experts  in  current  production  technology 
and  that  this  expertise  can  be  applied  to  design 
fuzes  that  can  be  mass  produced  at  minimal  cost.  In 
reality,  HDL  has  very  few  product. on-type  ma¬ 
chines  for  experimental  production  engineering  As 
a  result,  more  reliance  for  production  support  was 
placed  on  skilled  machinists  and  technicians  Their 
experience  included  fabricating  metal  parts  and 
electronic  assemblies  to  the  requuements  of  the 
drawings  The  machinists  and  technicians  know 
first  hand  exactly  how  close  tolerances  can  be  held 
on  the  different  machine  tools,  and  they  are  aware 
of  the  time  requ.red  and  the  difficulty  involved  in 
performing  mechanical  dnd  assembly  operations 
However,  even  this  knowledge  is  insufficient  since 
they  lack  the  experience  of  working  directly  with 
production  equipment 

5.  Philosophical 

Assuming  that  p  .duoV.tv  snould  be  de¬ 
signed  >nto  our  fuzes  early  m  the  r ,  ~b,  how  should 
it  be  implemented?  Should  HDi.  h.rp  production 
engineers  to  design  its  tuzes?  Shoulc  HOL  send  its 
development  engineers  to  industry  for  on-the-job 
training?  Should  HOL  realign  its  staffing  of  develop¬ 
ment  projects  bv  assigning  cost  engineers  to  the 
project  groups?  All  these  actions  would  help  and 
would  not  cost  very  much  to  implement.  But  where 
are  production  engineers  to  be  found  who  have 
experience  in  fuze  development?  It  takes  several 
ve.«rs  to  tram  competent  fuze  engineers  and  design¬ 
ers  Like  a  fuze  development  engineer,  a  production 
engineer  becomes  proficient  by  working  in  his  field, 
and  he  stays  proficient  by  continuing  to  work  with 
the  too*s  of  his  profession,  which  include  current 
production  equipment  Whether  HDL  hires 
production  engineers  or  develops  them  through 
training,  they  maintain  their  competence  and 
productivity  oy  testing  their  theoretical  knowledge 
against  the  reality  of  producing  parts  on  production 
machines,  just  as  is  done  in  the  manufactunng 
industry.  The  state  of  the  art  m  production  technol¬ 
ogy.  particularly  in  the  electronics  area,  is  changing 
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very  rapidly  How  do  we  maintain  the  competence 
and  awareness  of  these  production  engineers'  How 
tong  a  iraming  period  would  be  required  for  our 
development  engineers  to  become  effect.ve  in  ap¬ 
plying  their  new  knowledge  to  fuze  designs'  And 
how  do  we  maintain  their  competence  and  current¬ 


ness'  Would  a  cost  engineer  contribute  to  progress 
ji  the  fuze  engineer's  work  or  further  complicate 
t*re  problem'  These  and  other  questions  were  con¬ 
sidered  during  the  course  of  this  study  and  were 
used  as  guidelines  to  help  in  determining  the  con¬ 
clusions  that  resulted 
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Chapter  I.  The  Electronic  Fuze  Prototype  Validation  Facility 
by  Frank  L.  Tevdow 


As  a  result  of  many  years’  experience  with 
several  projects,  a  p*ed  was  recognized  for  an 
improvement  in  the  method  of  incorporating 
production  technology  as  early  as  possible  in  the 
development  phase  of  a  fuze  project  in  order  to 
reduce  production  costs  and  overall  time  from 
conception  to  Field  implementation  One  possible 
method  to  achieve  these  objectives  was  to  fabricate 
prototypes  during  the  development  phase  using 
production  equipment  so  that  verification  of  perfor¬ 
mance  and  producibility  could  be  achieved  before 
the  device  was  type  classified  and  released  to 
industry  for  large-scale  production  To  determine 
whether  this  new  approach  was  achievable,  it  was 
proposed  that  a  study  be  conducted 

This  repon  summarizes  the  activities  of  the 
Production  Engineering  Measures  (PEM)  project 
No  5753077,  initiated  «n  june  1 974.  This  project  is 
a  Manufacturing  Methods  and  Technology 
(MM&T)  engineering  effort  to  define  the  Prototype 
Validation  Facility  (PVF)  for  electronic  fuzes  The 
proposed  objectives  of  trie  study  were  to  include 
the  following 

(a>  identify  the  various  manufacturing  tech¬ 
nologies  available  within,  the  U  S  industry  complex 
for  'he  production  of  electronic  fuzes  and  the  spe¬ 
cific  capability  of  each  of  the  technologies  m  terms 
of  the  established  requirements  tor  national 
mobilization 

(b)  Forecast  the  advancement  of  each  of 
these  technologies  within  the  next  5  to  1 0  years 

ic)  Select  the  single  most  promising  technol¬ 
ogy  for  Army  electronic  and  proximity  fuzing 

(d)  Stud*  the  vanous  methods  of  production 
encompassed  within  the  selected  technology,  in¬ 
cluding  examination  of  the  relative  merits  and  dis¬ 
advantages  of  each,  and  select  one  production 
method 


(e)  Develop  technical  performance  specifica¬ 
tions  for  such  equipment  as  may  be  required  for  the 
selected  production  method 

(0  Enumerate  the  exact  quantities  of  each  of 
the  several  types  of  production  equipment  that  will 
be  required  for  the  prototype  facility. 

(g)  Study  the  geographical  location  of  the  fac¬ 
ility,  considering  such  alternatives  as  Government 
operation  and  contractor  operation 

(h)  Develop  a  floor  plan  for  the  facility. 

(i)  Estimate  all  cost  data  that  will  be  required 
in  support  of  a  budge*  request  for  APA  491 1  fund¬ 
ing  in  subsequent  years 

(j)  Define  fast-response  acceotance  inspec¬ 
tion  equipment  for  both  electrical  and  mechanical 
measurements,  considering  inclusion  of  transducers 
for  automatic  rejection  of  a  defective  fuze  or  fuze 
component  and  for  automatic  data  recording  when 
desirable 

The  PVF  concept  and  function  may  be  de¬ 
scribed  quite  definitively,  although  the  role,  scope, 
and  limitations  of  the  PVF  require  discussion  and 
answers  to  questions  on  staffing,  funding,  projected 
use,  and  other  considerations  described  in  the 
scope  of  this  study.  The  concept  and  function  of  the 
PVF,  very  simply,  is  to  introduce  production-type 
design  and  fabrication  methods  into  the  fuze  design 
during  the  development  phase  and  to  validate  this 
design  by  a  “sample  size”  run  and  lest  before 
release  of  any  large-size  procurement  contract 

The  concept  of  a  PVF  extends  back  many 
years  at  the  Harry  Diamond  Laboratories  (HDL)  as  a 
result  of  our  long,  committed  involvement,  contri¬ 
butions,  and  experience  in  the  vanous  fuze  pro¬ 
grams  that  had  their  start  at  HDL  with  the  invention 
of  the  proximity  fuze  by  Harry  Diamond  in  1 942 
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Many  advances  have  been  made  since  then,  with 
marked  changes  occurring  as  a  result  of  advancing 
technologies  m  microminiaturization,  solid-state 
components,  and  high  energy,  low-volume  power 
supplies;  the  use  of  printed  circuits,  and  high- 
density  packaging  methods  These  advances  have 
both  pointed  up  and  given  rise  to  various  deficien¬ 
cies  in  and  impediments  to  the  fuze  development 
process  existing  now  and,  if  not  changed,  expected 
to  become  more  severe  in  the  future  The  two 
major,  across-the-board  problem  areas  for  almost 
all  subsystems  in  fuze  development  are  11 )  the  high 
cost  and,  in  some  instances,  total  inability  to  obtain 
ordnance-related  components  and  subsystems 
from  the  commercial  market  and  12)  the  high  cost 
and  extended  delays  that  have  occurred  in  bringing 
a  laboratory-designed  and  -validated  fuze  into 
production  The  first  difficulty  occurs  since  a  re¬ 
search  and  development  (R&D)  program  uses  small 
numbers  of  components  that  even  when  available 
commercially,  are  high  in  cost  A  product,  to  be 
profitable,  must  today  be  "machine-intensive”  (low 
net  man-hours/item).  A  commercial  market  must 
thus  be  assured  or  the  item  is  either  unavailable  or 
can  be  obtained  only  through  special  tooling  at 
exorb.lant  cost 

The  second  problem  area  is  related  to  the  first 
but  occurs  primarily  because  fabrication  practices 
during  the  R&D  phases  of  fuze  design  differ  from 
those  used  in  production  A  simple  examp'e  is  the 
machining  of  an  item,  rather  than  punch  ng  or 
casting  as  would  be  done  in  production  In  addition, 
a  design  or  parts  that  can  be  manually  assembled 
during  R&D  may  not  be  practical  for  automated 
proouction  Although  refined  engineering  practice 
can  compensate  for  these  differences  somewhat,  a 
truly  reWble.  tested,  and  validated  design  can  be 
obtained  only  by  introduction  of  product  on-type 
design  and  fabrication  during  the  prototype  design 
phase  in  addition,  a  sample  size'  run  must  be 
made  on  production-type  equipment,  and  the  fuze 
design  and  producibility  must  be  validated  before 
the  release  of  any  major  contract  These  deficien¬ 
cies  are  recognized  and  acknowledged  universal¬ 
ly— the  probiem  thus  becomes  one  cf  resolution 


In  1968,  HDl  proposed  a  PVF  that  would 
involve  the  fuze  designer  and  introduce 
production-line  designs  and  fabrication  methods 
into  the  R&D  fuze  development  phase  Basically, 
this  would  require  setting  up  or  adding  to  specific 
technology  areas  and  the  acquisition  and  installa¬ 
tion  of  productior-lype  fabrication  machines,  tech¬ 
nologies,  and  assembly  lines  at  HDL  As  described, 
this  type  of  effort  has  a  high  initial  cost  and,  simi¬ 
larly,  large  annual  operational  costs  However,  the 
specific  costs  cannot  be  determined  until  the  vari¬ 
ous  functions,  operations,  personnel  requirements, 
machines,  test  equipment,  etc ,  are  defined  and 
specified 

Answers  to  these  questions  and,  more  specifi¬ 
cally.  to  those  outlined  m  the  scope  of  the  study, 
were  to  be  achieved  by  canvassing  of  the  various 
HDL  laboratories  and  divisions  involved  with  elec¬ 
tronic  fuze  development  A  written  report  was 
eque>ted  containing  mtormation  and  comments 
on  deficiencies,  operations,  personnel,  equipment, 
and  recuired  funding  that  would  beneficially  and 
economically  justify  inclusion  of  their  function 
within  the  concept  of  the  PVF.  Although  the  major 
divisions  of  an  electronic  fuze  are  identified  as  four 
subassemblies — the  electronic  head,  the  power 
supply,  the  electronic  timer,  and  the  safety  and 
arming  unit,  positive  responses  have  been  received 
and  will  be  presented  in  the  following  chapters 
according  to  technological  divisions  or  operations 
Each  chapter  describes  the  facility  and  its  operation 
as  part  of  the  PVF,  equipment  considerations,  for- 
seeable  technology  changes  and  possible  effects  on 
equipment  requirements  and  operations,  and  the 
alternatives  or  repercussions  if  their  operation  were 
not  included  in  the  PVF 

The  severai  technology  chapters  are  reviewed 
and  tied  together  in  Chapter  XII,  Planning  and 
Progress  This  chapter  introduces  and  discusses 
problems  relating  to  J.e  role  of  the  PVF  as  part  of 
the  Defense  establishment  and  :ts  policies,  the  de¬ 
sirability  of  Government  operation  over  quasi- 
govemment  or  private  industry  operations,  the  de¬ 
sirability  of  a  centralized  P*  'F  over  a  satellite  sys¬ 
tem,  the  spm-off  functions  :>f  the  PVF,  and  conclu¬ 
sions  and  recommendations. 
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Chapter  II.  Electromechanical  Devices 

by  David  L  Overman.  Robert  N  Johnson, 
and  Roland  A  Ebner 


11-1.  Background  and  Introduction 

Most  of  the  electromagnetic  (EM)  devices  de¬ 
veloped  by  HDl  for  electronic  fuzes  are  small 
assemblies  of  mechanical  electrical,  and  explosive 
components  designed  for  high-volume  production 
at  low  cost  Typical  EM  devices  are  safe»y  and 
arm.ng  mecham>ms,  power  supply  initiators,  fluidic 
generators,  turbine  alternators,  spin  switches,  and 
components  containing  electroexplosive  actuators 
and  detonators  Small  is  generally  less  than  2  in 
(about  51  mm)  n  anv  d'mension;  "high  volume”  is 
greater  than  50.000  per  r.on’n,  and  Mow  cost'  is  in 
the  range  of  $:  00  to  $5.G0  each  Such  des'gns 
must  use  lo  //-com  fabrication  techniques  (stamping, 
coming,  casting,  sintering,  and  molding)  in  combi¬ 
nation  with  mechanized  assembly  and  ’esting  in 
order  to  meet  these  volume  and  price  goals 

Typical  past  practice  in  the  development  of 
EM  0  /ices  has  been  to  build  the  small  develop 
mental  quantit.es  with  heavy  emphasis  on  conven¬ 
tional  mat  liming  of  the  components  from  bar  stock 
The  mochmes  were  widely  available  and  easy  to 
use,  al^),  design  changes  could  be  made  inexpen¬ 
sively  Once  a  new  design  was  developed,  it  was 
turned  over  to  «  contractor  experienced  in  high- 
voijme  production  techniques,  to  be  production 
engineered  During  this  phase,  many  new  prob¬ 
lems  usually  oevdoped  and  had  to  be*  resolved, 
creating  additional  expense  and  delay.  These  diffi¬ 
culties  tended  to  be  associated  with  changes  in 
material,  processes,  and  assembly  methods  For 
example,  die-cast  parts  came  out  with  different 
tolerances  and  surface  properties  than  the  ma¬ 
chined  parts  Sintered  parts  had  different  weights 
and  density  distributions,  while  molded  parts 
tended  to  warp  an  1  shrink  Some  designs  could  not 
be  assembled  or  les'ed  w.b  the  automatic  equip¬ 
ment  Slignt  design  changes  needed  to  accommo¬ 
date  or  take  advantage  of  the  prod  jct.on  processes 
or  techn  ques  would  have  unforeseen  conse¬ 


quences,  often  making  it  necessary  to  repeat  the  full 
spectrum  of  development  tests  on  the  production - 
engineered  items 

As  Government  designers  worked  with  con¬ 
tractors  to  resolve  these  problems  they  became 
conscious  of  ways  in  which  their  initial  designs 
could  be  improved  to  avoid  subsequen,  production 
difficulties  The  situation  was  also  improved  by 
incorporating  parts  made  by  high- volume  proc¬ 
esses  into  the  early  development  models  whenever 
possible  and  by  considering  the  consequences  of 
assembly  and  testing  by  automatic  machine  early  in 
the  design  phase 

The  current  problem  faced  by  the  designer  is 
the  long  lead  time  and  expense  required  to  procure 
small  developmental  quantities  of,  for  example,  die- 
cast  metal  parts  It  is  either  verv  costly  or  very 
difficult  to  locate  outside  vendors  who  are  willing  to 
go  to  the  trouble  to  tool  up  for  a  part  that  may  never 
go  beyond  the  development  stage.  It  is  also  very 
difficult  to  efficiently  design  die-cast,  sintered 
molded,  or  stamped  parts  without  having  first-hand 
experience  (o'  direc  access  to  someone  with  first¬ 
hand  experience)  in  building  and  operating  the  dies 
or  molds  In  adapting  lo  mechanized  assembly  and 
inspection,  first-hand  experience  is  again  necessary 
to  help  avoid  costly  mistakes  and  to  maximize  the 
advantages  to  be  gained  by  such  equipment 


11*2.  Recommended  Equipment 

Ba>ed  on  knowledge  of  HDc's  current  capa¬ 
bilities  m  EM  devices,  it  is  recommended  that 
equipment  of  two  type>  be  purchased,  set  up,  and 
operated  within  the  scope  of  the  proposed  PVF. 
The  first  type  is  general-purpose  shop  equipment 
that  would  give  HDL  the  ability  lo  fabricate  me¬ 
chanical  components  in  prototype  quantities  using 
the  techniques  that  would  normally  be  used  for 
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these  components  in  high-vo!ume  production  The 
second  category  is  general-purpose  equipment  for 
use  in  developing  and  evaluating  new  or  improved 
techniques  of  mechanized  assembly,  testing,  and 
inspection  of  EM  devices  Four  general-purpose 
items  are  suggested  for  initial  expansion  of  the  shop 
fab'ication  facilities  They  are 

la)  small  die-castmg  machmels)  with  the  ca¬ 
pacity  of  1 .5  oz  per  shot  of  aluminum  and  4  oz  per 
shot  of  zmc  (about  33  g  aluminum  and  1 1 3  g  zinc), 

(b)  small  plastic  molding  machine  especially 
designed  for  insert  moldings,  such  as  switch  contact 
assemblies  up  to  0  I  in  *  (about  1  6  cm’), 

(c)  small  powder  metal  press  and  sintering 
furnacehavinga  capacity  for  2-oz  pressings  in  b  ass 
(about  57  g  brass),  and 

(d>  small,  high-cycle-rate  (50  strokes  per 
minute  tyoical)  punch  press  of  about  a  3-ton  capac¬ 
ity,  capable  of  progressive  stamping  and  forming 
operations. 

Several  other  high-volume  production  processes 
such  as  thread  rolling,  cold  heading,  and  fine-edge 
blanking  might  be  considered  for  future  expansion 
of  the  general  shop  portion  of  the  PVF 

Small  machine  size  in  the  abo*  e  descriptions 
means  roughly  100  ft*  of  space  This  is  an  ade¬ 
quately  sized  machine  for  development  work, 
whereas  larger  equipment  woo'd  be  a  disadvan¬ 
tage  Since  these  four  items  will  be  included  in  the 
general  shop  facilities  section  of  the  proposed  PVF, 
they  will  not  be  considered  further  in  this  chapter 
However,  the  d*emakers  and  machine  operators  for 
this  equipment  would  be  expected  to  become  ex¬ 
perts  m  their  respective  fields.  As  such,  thev  would 
form  the  in-hou^e  consultant  group  for  design  guid¬ 
ance  on  high  volume  mechanical  fabrication 
processes 

In  addition  to  the  four  high-production  proc¬ 
ess  machines  recommended  above,  consideration 
should  also  be  given  to  including  necessary  auxil¬ 
iary  equipment,  specifically,  deburrmg  facilities  for 
cast  and  stamped  parts,  and  plating  facilities  for  all 


meta!  parts  Several  deburrmg  methods  are  consis¬ 
tent  with  high- volume  operations  This  includes  wet 
abrasive  blasting,  abrasive  flow  deburrmg,  chemical 
deburrmg,  thermal  energy  deburrmg,  harpenzmg, 
and  chemically  a  celerated  vibratory  deburrmg  as 
referenced  in  the  Selected  Bibliography  at  the  end 
of  this  chapter.  Trie  most  important  plating  proc¬ 
esses  would  be  electroless  nickel  and  chemical 
conversion  coatings.  Expertise  and  capabil'ties  in 
these  areas  are  expected  to  be  general  shop  support 
functions,  so  that  completely  finished  parts  could 
be  delivered  to  the  assembly  areas. 

The  following  list  suggests  items  of  equipment 
for  general-purpose  use  m  the  area  of  mechanized 
assembly  and  testing  of  EM  device*. 

(a)  Two  systems,  each  comprising  a  rotary 
synchronous  indexing  machine  with  a  36-:n  (914- 
mm)  diameter  dial.  24  stations,  a  size  of  approxi¬ 
mately  4  x  6  x  7  ft  (1  2  X  1.8  x  2.1  m),  a  self- 
contained  pneumatic  system,  and  all  necessary 
logic  and  control  systems 

(b)  A  nonsvnehronous  tNS)  transport  system 
for  input  and  output  interfacing  with  the  two  synch 
roneus  machines 

(c)  A  senes  of  general-purpose  or  standard 
tooling  modules  for  tooling  the  synchronous  ma¬ 
chines  This  includes,  but  is  not  limited  to,  an 
automatic  spring  winder,  orbital  and  radial  cold- 
formmg  and  riveting  heads.  adjustaWe  pick-and- 
place  modules,  punches,  presses,  presence,  posi¬ 
tion,  and  force-sensing  probes,  markers,  standard 
tool  holders,  soldering  and  welding  he*  ultra¬ 
sonic  head,  vibratory  feeders,  tape  Wankers,  meter¬ 
ing  heads  for  lubneant,  sealant,  and  adhesives,  and 
automatic  screwdrivers 


tl-3.  Description  of  Facility 
U-3. 1  Layout 

The  synchronous  index  machines  and  NS 
transport  are  arranged  in  a  minimum-sized  EM 
device  automation  laboratory  facility,  as  illus¬ 
trated  by  figure  11-1  By  coupling  the  equioment  in 
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the  manner  shown,  it  would  be  possible  to  develop 
experience  with  both  synchronous  and  NS  automa¬ 
tion  operations  in  the  same  facility  This  is  important 
because  fuze  contractors  do  use  both  types  of 
equipment  and  they  are  quite  different  in  their 
performance  characteristics.  Each  has  its  peculiar 
advantages  and  disadvantage  .,  and  the  plan  would 
be  to  try  to  combine  and  take  advantage  of  the  best 
features  of  both  types 
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Figure  !M.  Electromechanical  devices  automation 
laboratory  for  Prototype  Validation  Facility. 


The  transport  svstem  14)*  would  have  a  belt  or 
chain  drive,  guidance  trackage,  provision  for  slip¬ 
page  as  the  pallets  pile  up  and  come  to  a  stop, 
escapements  to  release  one  pallet  a:  a  time  to  tiie 
pick-and-place  unit  or  positioning  and  clamping 
mechanism,  deflecting  or  switching  devices  for  re¬ 
jecting  or  sorting  pallets,  and  possioJy  a  pallet  return 
system  The  pallets  would  have  a  memory  system 
so  that  a  faulty  item  in  an  intermediate  stage  oi 
completion  is  flagged  to  preclude  additional  opera¬ 
tions  from  being  performed  and  to  provide  for 
rejection  at  the  appropriate  location  in  the  cycle. 
Subpallets  might  also  be  designed  to  function  as 
removable  nests  on  the  rotary  worktable  of  the 
synchronous  machines 


’Numbers  m  parentheses  refer  to  sources  of  automating 
equipment  toed  m  appendix  ll-A.  fofbwng  thrs  chapter 


tl-3.2  Synchronous  versus  NS  Operation 

Typical  synchronous  machines  (5,6)  have  a 
rotating  wodetab'e  from  1  to  6  ft  (0  3048  to  I  8  m) 
in  diameter  that  is  indexed  in  8  *o  36  4eps  at  1 0  to 
50  cycles  per  minute  The  work  is  positioned  in 
nests  on  the  table,  and  various  operations  (pick- 
and-place.  orient,  probe,  lest,  etc )  are  done  by 
accessory  tooling  moving  synchronously  with  the 
index  mechanism.  Operations  performed  at  each 
station  are  kept  relatively  simple  because  of  the 
high  cycle  rate  and  the  need  to  minimize  malfunc¬ 
tions  Although  a  given  machine  may  have  24 
stations,  the  number  of  operations  performed  is 
most  likely  to  oe  6  to  1 2  in  order  to  provide  room 
for  tooling  and  to  minimize  the  capability  lost  if 
single  stations  malfunction  Some  synchronous  ma¬ 
chine*  arc  configured  for  an  :n-ime  transfer  arrange¬ 
ment  using  pallets  and  a  conveyor  belt  rather  than 
the  rotarv  indexed  worktable  (7) 

Typical  N$  machine  systems  (8,  9,  10,  11) 
consist  of  a  senes  of  tooled  stations  connected  by  a 
transport  system  that  feeds  work  pallets  into  and 
away  from  each  station  on  demand.  One  to  four 
operations  are  usually  performed  on  the  work  at 
each  station  and  the  cycle  rate  *s  about  3  to  1 5  per 
minute. 

The  characteristic  feature  of  an  NS  system  is 
the  storage  capacity  or  "float'  of  pallets  contained 
on  the  transport  that  allows  each  station  to  work 
independently  tor  to  malfunction  independently)  of 
a!  other  stations 

It  is  difficult  to  build  a  case  in  favor  of  one  t  /pe 
of  machine  over  another,  both  synchronous  and  NS 
types  are  widely  and  successfully  used  by  industry. 
Often  the  preference  for  a  particular  type  is  based 
on  past  experience  and  vested  interest  Any  com¬ 
pany  with  1 0  years  of  productive  experience  with  a 
given  system  will  have  developed  the  expertise  to 
make  it  the  system  preferred  by  them  and  they  will 
defend  their  choice  strongly 

Rotary  synchronous  machines  are  most  often 
employed  fo.  machining,  assembling,  -nd  testing 
smaller  items  such  as  safety  and  arming  (S&A) 
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devices  or  switches.  NS  machines  are  most  often 
empb>ed  for  operations  on  larger  items,  such  as 
loading/assembling/packing  of  artillm  projectiles 
or  manufacturing  large  automotive  components 
However,  NS  machines  are  also  being  used  to 
assemble  small  mechanisms  such  as  alarm  clocks 
and  cameras 

For  the  same  job  performance,  a  synchronous 
assembly  svstem  would  generally  be  smaller  (using 
less  floor  space)  and  cheaper  than  an  NS  system 
Ibis  difference  •>  primarily  due  to  the  5-  to  8-ft  (1.5 
to  z.4  m)  quay  on  the  transport  system  between 
stations  and  the  redundant  power  and  control  sys¬ 
tems  needed  at  each  station  on  the  N$  system. 
Intermediate  storage  for  the  svnehronous  system  is 
provided  by  bins  of  parts  in  bulk  or  by  «* utomatically 
loaded  and  unloaded  racks  of  magazines  The  more 
compact  nature  of  the  synchronous  system  would 
be  an  advantage  for  one  prooosed  use. » e.,  devel¬ 
oping  tooled  machines  [to  perform  particularly  diffi¬ 
cult  operations  such  as  a  final  S&A  device  test 
system)  for  shipment  of  the  machine  (tester)  to  the 
contractor  who  manufactures  the  item.  Less  tear 
down,  shipping  volume,  and  sc  up  would  be 
required. 

Machine  efficiency  or  availably  (ireful  oper¬ 
ating  time)  is  another  importart  item  of  comparison. 
This  couid  be  defined  as  the  average  number  of 
products  delivered  per  hour  integrated  on  a 
monthly  basis,  divided  by  ’he  basic  cyclic  rate  of 
the  machine  Thus,  the  firm  machine  efficiency 
includes  the  effects  of  stoppages,  malfunctions,  and 
maintenance  on  production  totals  Malfunctions  on 
a  synchronous  machine  stop  the  work  at  all  sta¬ 
tions.  whereas  on  an  NS  -vstem,  only  a  single 
station  is  affected  for  disturbances  of  shoi  iuration 
Although  the  synchronous  system  may  be  instrinv- 
callv  less  efficient,  it  is  gene-ally  accompanied  bv 
more  highly  refired  tooling  and  requires  more  skill 
m  designing,  setting  up,  and  operating  than  neces¬ 
sary  with  ,he  NS  machine.  Abo.  because  they  are 
smaller,  simpler,  and  cheaper,  there  is  often  more 
than  one  synchronous  machine  doing  the  same  job 
1 1  complete  system  Proof  of  equivalent  operating 
efficiencies  is  demonstrated  by  the  large  numb*.'  of 


highly  productive  and  competitive  synchronous 
systems  used  throughout  industry.  Obviously  there 
is  a  limit  to  the  number  of  synchronous  operations 
that  can  oe  performed  efficients  at  the  same  ma¬ 
chine,  this  number  is  about  6  to  12.  Therefore,  a 
complete  system  is  general)  made  up  of  a  senes  ot 
synchronous  machines  finked  with  a  manual  or 
automated  NS  u*rsp**i  system.  (Thus,  it  m'igh*  be 
appropriately  termed  a  semtsynchronous 
svstem ) 


High-quality  feed  parts,  standard  for  ordnance 
devices,  atf  another  help  in  achieving  effective  use 
of  automated  assembly  machines.  Although  this 
would  be  a  cost  disadvantage  for  consume* 
products,  it  is  not  the  most  important  consideration 
for  military  EM  devices  In  order  to  simultaneously 
achieve  the  high  degree  of  safety  (one  failure  in  2.5 
million)  arvd  reliability  (greater  than  99  percent)  in  a 
device  that  has  oolv  one  chance  to  operate  after  a 
possible  20-yr  storage  period  and  unpredictable 
environmental  stress,  high-quality  parts  are  re¬ 
quired  no  matter  how  they  are  to  be  assembled 

NS  systems  are  sax!  to  be  easier  to  set  up, 
debug,  and  service  than  synchronous  machines, 
but  this  is  debatable  The  NS  system  can  be  ex¬ 
panded  one  station  at  a  time,  which  makes  debug¬ 
ging  easier.  However,  total  time  spent  setting  up 
and  debugging  a  1 0 -operation  system  (three  or  four 
stations  versu>  one  rotary  index  machine)  might  be 
greater  for  the  NS  system.  The  added  space  re¬ 
quired  for  the  NS  transport  system  does  provide 
better  access  for  service  tv  manual  takeover  of  a 
malfunctioning  station,  but  the  multiplicity  of  power 
and  control  systems  means  more  parts  and  potenti¬ 
ally'  more  servicing 

Although  both  systems  can  use  memory  de¬ 
vices  on  the  pallets  <y  nests  so  that  a  faulty  item  can 
be  tagged  (as  discussed  in  11-3.1 ),  only  the  synchro¬ 
nous  system  can  remember  faulty  items  or  en^Sy 
nests  electrically.  The  flexibility  of  modifying  a 
given  system  to  change  or  add  unplanned  opera¬ 
tions  is  about  the  sitic  for  both  because  the  synch¬ 
ronous  system  is  generally  not  used  at  full  capacity 
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I! -3.3  Typicjl  Synchronous  Machines 
jnd  Utilities 

General-purpose  synchronous  assembly  ma 
chines  are  available  from  several  sources  An  exam¬ 
ple  of  a  commercially  available  design  that  meets 
the  requirements  for  the  electromecahmcal  section 
of  the  PVF  is  shown  tn  tigure  11-2  (5)  This  is  a 
medium-sized  machine.  3a  in  in  diameter  (914 
mm),  having  a  24-staiion  indexing  worktable  above 
a  4  X  6  ft  ( I  2  X  i  8m)  cabinet  and  tool  mounting 
surface  It  is  a  standard  system  designed  for  ease  of 
use  and  flexibility  in  converting  from  one  job  to 
another  It  uses  standard  tooling  modules  in  an 
“erector  set"  or  building-  block  fashion  to  minimize 
the  time  and  trouble  of  setting  it  up  This  would 
applv  to  the  various  |obs  expected  for  the  PVF 
operation  AH  power  for  actuating  the  loo'mg  mod¬ 
ules,  located  either  on  the  lower  surface  or 
mounted  using  predrilled  holes  in  the  upper  tooling 
plate,  is  provided  for  the  central  column  Tooling 
components  have  overload  protection,  and  then 
travel  can  be  adjusted  to  within  0  001  in  (0  0025 
mm)  in  both  stroke  directions  The*  main  index  drive 
has  overload  protection  on  its  output  sale  Station 
■ocation  is  provided  that  is  accurate  to  better  than 
0  001  in.  (0  0025  mm)  and  is  independent  of  the 
indexer  These  features  minimize  position  error  due 
to  wear  in  the  drive  system  and  make  it  easier  to 
reset  the  dial  in  the*  event  of  an  overload  The  main 
drive  system  is  a  1-hp  electric  motor  with 
clutch/brake  and  variable  %}ieed  pullev  Its  speed  is 
mecbamcallv  variable  Irom  10  to  50  cycles  per 
minute,  thus  making  ■«  easv  Loth  to  studv  problems 
with  tooling  and  to  adapt  its  use  to  simple  or 
complex  operations 

A  seft-contaircd  electrically  driven  pneumat¬ 
ic  s  package  prov  idrng  v ac uum  and  dr\  or  lubricated 
pressurized  air  for  tooling  is  contained  in  the  base  of 
the  machine  Sixteen  genera! -use  pneumatic  valves, 
timed  by  means  of  rotarv  cam  switches  coupled  to 
the  indexer,  are  located  on  the  top  of  the  central 
column  and  under  the  lower  tooling  plate 

Control  svstems  available  for  synchronizing 
the  operations  of  automatic  maeftinerv  range  from 
simph*  drum-type  programmers,  through  matrix 


Figure  ll-T.  Views  of  typical  rotary  synchronous 
assembly  machine. 


switch  and  relay  systems,  to  modern  sobd-state 
programmable  controllers.  It  is  suggested  that  one 
of  the  machines  for  use  in  the  EM  section  of  the  ?VF 
be  equipped  with  a  malnx  switch  type  of  EM 
control  system  112  and  another  be  equipped  with  a 
simple  solid-stale  programmable  controller  (U)  so 
that  experience  an  be  gamed  with  both  types  of 
control 


11-3.4  Tooling 

A  wide  variety  of  standard  tooling  modules  is 
available  Some  of  these  are  described  and  their 
possible  uses  are  discussed  below 

a  An  automatic  spnrg  winder  with  capacity 
or  0  002  to  0  030-in.- diameter  wire,  and  with 
automatic  feed,  cutoff,  and  contro^ed  retention  or 
feeding  of  each  spnng  This  is  likely  to  be  a  sroall 
satellite  machine  stationed  next  to  the  mam  synch¬ 
ronous  assembly  machine  and  feeding  directly  to  a 


nest  or  pick-and-place  unit.  In  order  to  compensate 
for  minor  variations  in  wire  diameter  as  feedstock  is 
depleted,  spring  force  would  he  monitored,  and 
dynamic  control  of  pitch  or  free  length  would  be 
provided  by  feedback  adjustment 

b  Orbital  and/or  radial  riveting  and  cold* 
forming  machines  (14,  15,  16)  for  manufacture  and 
assembly  of  soft  metal  parts,  weighing  up  to  0.5  oz. 
Tooling  heads  would  provide  verv  low  force  non¬ 
impact  staking,  flaring,  and  forming  They  could  be 
used  to  form  small  cold-headed  parts  from 
feed-stock,  or  to  provide  functional  features  on 
end-item  components  and  do  these  operations  right 
on  the  ass«.  mbly  machira*.  on  demand 

c  PiCA-and-place  units  for  transferring  part* 
and  assemblies  to  and  from  the  transpo.t  system,  to 
and  from  satellite  operations  (for  example,  a  spin 
test  station),  and  from  feeder  tracks  into  the  nests  or 
the  rc  '.ary  worktables  These  units  would  encom 
nass  translational  (1,  2.  and  3  axis),  trans'alionaland 
rotational  (swinging),  and  inserting  motions  They 
would  include  specif*  modules  designed  by  the 
manufacturer  of  the  synchronous  machine  and 
general-purpose  mechanical  and  EM  units  available 
from  specialty  fans  *17).  Important  features  of  the 
p*k-and-place  modules  would  be  small  size,  easily 
adjustable  grips,  strokes,  and  motions,  and  ovvt- 
load  protection  to  present  damage  in  case  of  a  jam 
or  other  malfunction 

d  Small  modular  press  heads  ( 1 8),  for  use  iri 
assembling  press  ntled  components  as  "ell  as 
crimping  and  punching  operations  in  thin  sections 

e  Various  probe  heads,  for  detecting  the 
presence  and/or  position  of  parts  or  assemblies. 
There  could  also  be  probes  tor  gaging  heights  (19). 
sizes,  and  forces  during  assembly  Special  probes 
cculd  be  developed  to  simultaneous!*  measure 
force  and  stroke  of  spnng-biased  detent  systems 
during  acceptance  testing.  In  addition  to  simple 
mechanical  displacement  monitors  tlial  tnp  lim«i 
switches,  the  probes  might  incorporate  fluid*  and 
photoelectric  sensors  (20).  strain  gages  i21),  linear 
\anable  displacement  transducers  (LVDT  si,  mag¬ 
net*  sensors  (22,  23).  and  aporopnaie  readout 
instrumentation 


f.  Marking  equipment,  for  lot  numbering, 
serializing,  identifying,  etc .  is  available  commer¬ 
cially  (24,  25)  and  could  be  set  up  as  a  modular 
operation 

g.  Resistance  welding  heads  (26),  for  spot 
welding  of  small  parts,  electric  connections,  and 
explosive  assemblies  They  would  be  small  units 
with  adjustable  controls  for  current,  voltage,  pres¬ 
sure.  and  duration 

h  Ultrasonic  tooling  modules  \27),  foi  weld¬ 
ing  plastic  assemblies  and  inserting  metal  parts  into 
plastic  parts 

i  Tape  blanking  tooling,  for  use  m  blanking 
and  installing  marking  and  sealing  discs  from 
adhesive-backed  tape 

j  Precise  volumeti*  metering  heads,  tc  dis¬ 
pense  oils,  grease,  foams,  epoxies,  and  anaerobic 
and  rubber-based  adhesives  and  sealants.  A  wide 
range  of  th.>  equipment  is  available  commercially 
(28)  Equipment  to  dispense  sealants  in  controlled 
patterns  for  formed-m-place  gaskets  may  also  be 
desirable. 

k.  Au'omat*  screwdrivers  (16,  29)  having 
adjustable  torque  and  self-contained  screw  feed 
sy  tems  for  threaded  assemblies. 

l.  General-purpose  vibratory  sorting  and 
feeding  systems  (30,  3 1 ),  these  units  are  needed  for 
mar*  statiors  In  general,  these  systems  need  to  be 

tuned'  each  time  a  new  part  must  be  handled,  but 
a  broad  senes  of  general-purpose  units  could  form  a 
basic  operation. 

11-33  Automatic  Diti  Processing 

A  major  use  »rf  the  PVF  automation  equipment 
will  be  in  performance  -testing  EM  devices  and 
subassemblies.  The  large  amount  of  data  (both 
variable  and  attribute)  generated  in  these  tests  can 
be  very  valuable  from  the  standpoint  of  process 
control  and  general  quality  assurance  if  it  is  oroc- 
essed  in  a  concise  and  timely  fashion.  Direct  access 
to  computer  facilities  should  be  made  available  for 
this  purpose  Within  the  facili*y,  automat*'  data 
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processing  could  readily  be  accomplished  by  direct 
interface  between  the  sensing  probe’s  readout  in¬ 
struments  and  SPEAR,  HDl's  general-purpose  com- 
pu;er  system  planned  for  installation  throughout  the 
laboratories  (see  also  Chapter  XII)  Another  major 
use  of  the  PVF  is  to  develop  automatic  EM  device 
test  svstems  that  can  be  shipped  to  contractor's 
plants  Many  of  the  EM  device  contractors  do  not 
have  access  to  rn-plant  computer  facilities  There¬ 
fore.  use  will  also  be  made  of  programmable  calcu¬ 
lators  for  automatic  data  processing  These  svstems 
(32),  some  with  plotter  and  tape  cassette  drive,  can 
very  easily  be  set  up  to  take  and  to  process  data  on¬ 
line  in  real  time  and  off-line  from  storage  on  small 
magnetic-tape  cassettes.  The  programmable  calcu¬ 
lators  are  small  and  versatile,  a  complete  system 
could  be  set  up  for  approximately  S 1  OK  or  less. 


((-4.  Operation 

11-4. 1  Method  2nd  Cipjbility 

The  initial  use  of  the  EM  section  of  the  PVf  as 
an  automation  machinery  laboratory  will  be  to 
provide  m-house  experience  and  competence  in 
this  field  After  this  is  established,  the  facility  can 
provide  services  related  to  validation  of  prototype 
fuze  designs  For  example,  u  might  be  set  up  for 
assembly  and/or  test  cf  hundred  to  several 

thousand  S&A  devices  during  the  R&D  phase  ol  a 
new  fuze  program  However,  this  use  is  not  recorp 
mended  now  because  of  conflict  with  contracting 
policy  Also,  the  limited  amount  of  equipment  is 
such  that  a  complete  |ob  of  this  nature  would 
probably  require  several  reconfigunng  phases  Al¬ 
though  this  ought  be  done  in  a  reasonable 
given  a  highly  skilled  and  experienced  staff  >a* 
sect.  11-4.3)  and  a  well-stocked  supply  of  g*meral- 
purpose  tooling  items,  it  would  not  be  efficient 
compared  to  hand  assembly  In  order  to  minimize 
changeover  time  and  expense  for  the  small  quantity 
of  items  that  would  be  assembled,  it  nuv  be  more 
practical  to  use  hand-loaded  magazines  instead  of 
vibratory  bowl  feeders  to  teed  oriented  parts  The 
magazines  would  be  loaded  off-line.  Items  of 
special-purpose  tooling  requiting  considerable 
time/expense  for  changeover  are  the  nests  for  the 


rotary  worktable  and/or  the  pallets  for  the  NS 
transport  system.  The  designs  have  to  be  tailored  to 
the  |ob  and  they  must  be  replicated  many  times  (see 
fig  11-3)  However,  i«.  may  be  possible  to  devise  a 
general-purpose  nest  or  pallet  that  could  easily  be 
adapted  to  many  jobs 

During  the  initial  learning  phase  and  during 
the  development  of  tooling  for  the  facility,  it  would 
be  practical  to  concentrate  on  automated  inspec¬ 
tion  and  testing  of  developmental  S&A  devices  or 
on  building  and  testing  simple  subassemblies  such 
as  setback  mechanisms  or  explosive  loaded  items 
(see  seel  11-4.2).  A  more  general-purpose  use  of  the 
facility  would  be  to  study  specific  aspects  of  a 
design  relative  to  its  capability  for  assembly  and 
testing  using  automatic  machinery. 

FIAT 


n:t*C  liters  - — — 

iui 

« n«»  n  «si«uu « 
i«3  lltt.  »«*  tc 

vus^Aiiiwusa  nc’i  )> 

Figure  11-3.  Detonator  block  assembly  (PN1 1722620) 
for  XMS87E2/M724  fuze. 

In  addition  to  its  use  for  prototype  validation, 
the  facility  would  be  used  to  develop  new  tech¬ 
niques  for  more  efficient  automated  test  and  assem¬ 
bly  of  fuze  mechanisms  For  example,  probes  could 
be  developed  to  measure  force  bias  levels  at  given 
positions  and  to  generate  variable  data  to  replace 
GO/ NO-CO  test  probes  that  give  only  attribute 
data  These  probes,  plus  associated  instrumentation 
and  data  processing,  would  tie  exceptionally  valu- 
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able  for  process  control  in  production  environ¬ 
ments  As  another  example,  new  methods  of  auto¬ 
matically  applying  solid  and  liquid  lubncants  would 
be  investigated  that  could  lead  to  more  uniform  and 
controllable  coatings,  giving  belter  performance  at 
lower  cost  These  new  techniques  could  then  be 
disseminated  to  contractors  tor  improvement  of 
their  automatic  production  lines  Studies  of  the 
value  of  data  collection,  development  of  data  librar¬ 
ies,  data  analysis),  analysis  of  system  operations, 
feedback  control  loops,  etc ,  for  particular  situa¬ 
tions  w  ould  all  be  conducted 

Another  use  of  the  facility  would  be  to  help 
contractors  in  evaluating  various  methods  for  auto¬ 
mating  a  new  operation  or  for  correcting  an  opera¬ 
tion  that  is  causing  difficulty.  Different  ways  of 
feeding  and  orienting  parts  could  be  explored  An 
opportunity  to  help  a  contractor  correct  a  malfunc¬ 
tioning  station  designed  to  feed  and  place  small  coil 
springs  is  a  recent  example  where  lack  of  an  in- 
house  facility  precluded  experimental  assistance 

11-4.2  l-ximpte 

in  order  to  progressively  develop  in-house 
automation  expenei  ce,  the  PVF  EM  device  labora¬ 
tory'  equipment  would  first  be  set  up  to  perform 
simple  jobs  A  typical  first  job  might  be  to  set  aside  a 
portion  of  a  production  buy  of  the  detonator  block 
assembly  for  the  M587E2/M724  fuze.  These  units 
would  then  be  built  m  house  and  furnished  as 
Gov  tinmen:  fum*6**d  material  (GEM)  to  the  prime 
fuze  contractor  A  tvpical  quantity  would  be  5,01X1 
to  20,000  units,  representing  one  device  lot  The 
detonator  block  assembly  (PN  1 1 722620)  is  shown 
in  figure  11-3  It  is  a  good  test  run  for  the  proposed 
PVF  facility  because  of  its  small  size  1 1  5  in  a»am  x 
0  25  in  thick)  and  relatively  simple,  seven-part 
assembly  It  requires  handling  and  installation  of  a 
sensitive  electroexplosive  component  and  it  must 
be  tested  for  contact  resistance  Thus,  it  provides 
experience  «n  explosive  handling,  setup,  and  use  of 
automated  test  instrumentation,  and  computerized 
data  reduction  The  necessary  operations  for  this 
lob  are  outlined  m  figure  I W 

This  job  is  laid  out  on  two  machines  to  simplify 
the  tooling  and  to  facilitate  the  learning  process 


Figure  11-4.  Operations  for  automatic  assembly  and 
test  of  PN  11722620. 


during  initial  operation  of  the  facility.  AH  probe 
stations  and  test  stations  are  separate  from  the 
feeding  and  assembly  stations.  The  operation  can 
be  made  more  compact  later  by  doing  most  of  the 
probe  checks  at  the  same  station  being  used  for 
feeding  and  placing  parts.  Photoelectric  or  other 
remote-type  sensing  plus  additional  control  of  the 
feeding  and  placing  operations  would  probably  be 
required  In  both  cases,  a  memory  system  would  be 
used  so  that  feeding  occurs  only  when  the  probe 
output  is  positive.  Safety  fiom  possible  initiation  of 
the  electnc  detonator  v.c*.«ld  be  provided  by  dear 
plastic  shields  at  all  stations  after  or-kne  introduc¬ 
tion  of  the  deton  3t or.  The  final  assembly  would  be 
loaded  into  magazines  that  would  provide  intrinsic 
explosion  containment  dunng  storage  and 
shipment 

The  PVF  laboratory  EM  device  could  be 
tooled  for  two  other  "beginner"  problems  of  cur¬ 
rent  interest  One  is  the  assembly  and  test  of  the 
bottom  plate,  spacer,and  setback  lock  subassembly 
for  the  M732  fuze.  This  item,  shown  in  figure  11-5,  is 
made  up  of  five  parts  and  would  require  force  bias 
testing  of  the  setback  pm  and  spring  The  ether 
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SPRING  RETAINING  PIN 
11718476 


Figure  11-5.  Bottom  plate,  spacer,  and  spring  setback 
subassembly. 

setup  would  use  the  facility  for  automatic  testing  of 
the  completed  M732  fuze  S&A  module 
(PN1 1716741)  shown  in  figure  11-6.  This  line  could 
serve  as  an  in-house  tester  for  Government  inspec¬ 
tion  of  engineering  control  samples  during 
production.  It  could  also  serve  as  the  prototype  test 
model  for  other  units  to  be  set  up  in  contractors' 
plants.  The  necessary  operations  for  such  a  tester 
are  given  in  figure  11-7.  The  system  is  again  spread 
out  to  use  the  two  machines  but,  in  this  case,  the 
number  of  operations  might  still  be  too  many  for 
later  adaptation  to  a  single  24-station  machine.  This 
might  be  compensated  for  by  having  faulty  units 
marked  with  a  code  instead  of  being  ejected  after 
each  test  and  having  certain  probe  and  orientation 
stations  eliminated  by  means  of  clever  tooling. 


Satellite  spin  machines  are  used  in  three  places  to 
speed  the  cycle  and  provide  better  access. 
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Figure  11-6.  S&A  module  PN  11716741  for  XM732  fuze. 


EJECT  GOOO  UMTS 
M  ARMED  CONDITION 

MOVE  SHUTTER  ANO 
RESET  OCTONATOR 
EJECT  FAULTY  UMTS 
(SEGREGATE  HCH 
LOW  BIAS) 

MOVE  SHUTTER  ANO  EJECT 
OETONATOft  BIAS  LEVEL 

ORIENT  A  PROBE  FOR 
ARMED  CONDITIONS 

RETURN  PROPER  UMTS  FROM  SPIN  TEST 


•  =  PRIMARY  OPERATION 
0=  SECONOARY  OPERATION 

EJECT  GJ00  UMTS 
EJECT  FAULTY  fcMTS 

MNAl  PROBE  FOR 
SAfl  POSITION 

RESET  SETBACK  LOCK 

EJECT  FAULTY  UMTS 

ORtNf  A  PROtC  FOR  SAFE  POSTON 


PACK  EMPTY  NEST  A  RESET  MEMORY 

FEEO  SAA  M00ULE  (SAFE  POSITION) 

PROBE  PRESENCE.  POSITION 
(SAFE  CUNOfTON) 

TEST  SETBACK  SENSOR 
BUS  LEVEL 

EJECT  FAULTY  UMTS  (SEGREGATE 
HIGH  BIAS  ANO  LOW  BUS  ) 

TRANSFER  TO  SPM  TEST 
TURNS  TO  ARM  AT  ?SB0  RPM 
EXCT  FAULTY  UMTS  (SEGREGATE 
HIGH  TURNS  AMU OW  TURNS) 

ICCENTmC  SPMNER  RESETS  ROTOR 
TO  SAFI  POSTON 

RETURN  RESET  IRNTS  FROM  SPW** 
PROBE  SAFE  POSITION  Of  ROTOR 
f4tCT  FAULTY  UMTS 

TRANSFER  TO  SPW  TEST 

TEST  FOR  NORM— 16  AT  TOGO  RPM 
RETURN  UMTS  FROM  SfW  TEST 


Figure  11*7.  Sequence  of  operation  for  testing  S&A 
module  (PN  11716741). 
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H.5.  Conclusions  and  RecommenJ-tions 

U  is  concluded  that  the  proposed  i  M  device 
automation  laboratory  facility  would  be  a  valuable 
asset  m  expanding  HDL's  areas  of  technical  exper¬ 


tise  and  m  supporting  the  current  electronic  fuze 
R&D  mission  It  is  recommended  that  it  be  included 
in  the  planned  PVF  and  that  it  be  staffed  and  funded 
full  time  as  a  production  engineering  support 
function 
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Techniques  (MR75-829).  Roto-Fimsh.  Kala- 
mazoc.  Ml 

Joseph  Klancmk.  Electropolish  Deburnng  for  Preci¬ 
sion  Miniature  Parts  (MR75-830),  Manufac- 
tunng  Engineering  Department,  Bendix  Cor¬ 
poration,  Davenport,  1A 

S  Komiya.  EC  Vibratory  Deburnng  (MR75-837J, 
I J  R  .  Inc  ,  Yokohama,  Japan. 


A.  Montag.  Deburnng  with  T.E.M.  (MR75-835), 
Surftran  Company,  Madison  Heights,  Ml 


G  Olsen.  Capabilities  and  Limitations  of  Vibratory 
Oeburring  (MR75-836),  Sweco,  Inc.,  Los  An¬ 
geles,  CA 

Winfield  Perry,  Properties  and  Capabilities  of  Low 
Pressure  Abrasive  Flow  Media  (MR75-831), 
Dynetics  Corporation,  Woburn,  MA 

«ohn  Stackhouse,  The  Application  of  Low  Pressure 
Abrasive  Flow  Machining  (MR75-840),  Dy- 
netics  Corporation,  Woburn,  MA 
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Appendix  tt-A. — Sources  of  Automation 
Equipment 


The  following  list  of  sources  of  automation 
equipment  was  compiled  during  the  study  covered 
by  this  report  There  are  many  other  companies  in 
these  fields  that  are  not  included  in  the  list,  but  time 
did  not  permit  searching  them  out  Sources  1 ,  2, 
and  3  are  general-purpose  publications  dealing  with 
the  field  of  automation,  and  they  would  serve  as  a 
good  source  of  additional  information  in  this  field 

1  Assembly  Engineering,  Hitchcock  Publishing 
Company,  Wheaton,  II. 

2  Automation,  Penton  Publishing  Company, 
IT  1 1  Chester  Avenue,  Cleveland,  OH 

3  Control  Engineering.  Dun-Donnelfey  Publish¬ 
ing  Company,  6(>6  Fifth  Avenue,  New  York,  NY 

4  Rockford  Automation,  Inc  .  Rockford  IL  (NS 
pallet  transport  systems) 

5  Assembly  Machines,  Inc  ,  21 14  Loveland  Av¬ 
enue.  Erie,  PA  (general-purpose  synchronous  as¬ 
sembly  machine*) 

6  Honeywell,  Inc.  Dept  R1310AU,  2600 
Ridgewav  Parkway,  Minneapolis  MN  (synchron¬ 
ous  assembly  machines) 

7  Bodme  Corp  .317  Mountain  Grove  Street, 
Bridgeport.  CT  (general-purpose  m-linc  synchro¬ 
nous  assembly  machines  and  tooling  modules) 

8.  Gilman  Engineenng  and  Manufacturing  Com¬ 
pany,  305  West  Delavan  Drive.  Janesville,  Wl  (au¬ 
tomatic  assembly  svstems). 

9  Modular  Machines  Co  .  P  O.  Box  7158,  San 
Diego,  CA  (general-purpose  NS  assembly 
machines) 

10  Chicago  Pneumatic,  32200  N  Avis  Drive, 
Madison  Heights,  Ml,  (NS  automation  svstems) 


11.  Innova,  Inc,  5170  126th  Avenue,  North 
Clearwater,  FL  (NS  automation  systems). 

12  Square  D  Company,  Milwaukee,  Wl  (pro¬ 
grammable  controllers) 

1 3  Texas  Instruments,  Inc  ,  Attleboro.  MA  (model 
5T 1  solid-state  programmable  controlleis). 

1 4.  TaumeJ  Noiseless  Riveters,  Inc ,  400  E>  ecu- 
tivc  Boulevard,  Elmsford,  NY  (orbital  head-for  nmg 
machines) 

15  VSl  Automation  Assembly,  Inc,  165  Park 
Street,  Troy,  Ml  (noiseless  orbital  forming 
machines) 

16  Gubelin  Internationa!  Corp,  45  Kensico 
Drive,  Mt.  Kisco.  NY  (automatic  screwdrivers  and 
radial  riveting  machines). 

1 7  Fraser  Automation.  37900  Mound  Road.  Ster¬ 
ling  Heights.  Ml  (modular  pick  and  place  units). 

18  Conrac  Corp  .  Goodrich  Division,  3560  Chi¬ 
cago  Drive.  Hudsonville.  Ml  (presstaker  special 
assembly  machines) 

19  Schaevitz  Engineenng,  P  O  Box  505,  Cam¬ 
den,  NJ  (nonconiact-ng  gage  heads) 

20  Scan-A-Ma»ic,  Rt  5  West.  Elbridge.  NY  (pho- 
toelectnc  sensors). 

21.  Interface,  Inc.,  7401  East  Butherus  Drive. 
Scottsdale.  A Z  (low- range  load  cells). 

22  Electro  Corporation,  1845  57th  Street,  Sara¬ 
sota.  FL  (magnetic  pickups). 

23  Airpax  Electronics  Controls  Division,  6801 
West  Sunnse  Blvd,  Fort  Lauderdale.  FL  (Hall  effect 
pickups) 
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Appendix  il-A. — Sources  of  Automation 
Equipment  (corn'd) 


24.  Kiwi  Coders  Corporation,  4027  N  Kedzie 
Avenue,  Chicago,  IL  (automatic  marking 
equipment) 

25  Bristol  8rass  Corporation,  Noble  and  West¬ 
brook  Division,  East  Hartford.  CT  (marking 
stations) 

26  Kahle  Engineering.  3322  Hudson  Avenue. 
Union  City,  N)  (automatic  welding  heads) 

27  Branson  Sonic  Power  Company,  Eagle  Road, 
Danbury,  CT  (ultrasonic  work  heads). 

2b  Tndak,  Inc  ,  5  Vjlley  Road.  Danbury,  CT  (me¬ 
tering  and  dispensing  heads) 


29.  Dixon  Automatic  Tool  Inc,  2312  23rd 
Avenue,  Rockford,  I L  (automatic  screwdrivers) 

30  Magnetic  Analyses  Corp  ,535  South  4th  Ave¬ 
nue,  Mount  Vernon.  NY  (automatic  checking  and 
sorting  machines) 

31  Automation  Devices  Inc,  Automation  Park, 
Fairview,  PA  (vibratory  feed  *vstems) 

32.  Hewlett-Parkard,  P.  O.  Box  301,  Loveland, 
CO  (programmable  calculators  and  interface 
instrumentation) 


Chapter  III.  Semiconductor  Prototype  Validat;on  Facility 
by  Robert  B.  Reams  and  Martin  J  Reddan 


111*1.  Introduction 

///-/./  Background 

HDL  has  always  had  intense  involvement  in 
those  technologies  that  could  advance  the  art  of 
military  electronics  Ore  of  these  areas  has  been 
the  field  of  semiconductors,  used  by  industry  to 
fabricate  active  solid-state  devices  (transistors,  inte¬ 
grated  circuits,  etc  )  for  the  commercial  market 
Similar  devices  are  being  used  extensively  in  HDL- 
developed  electronic  fuzes,  radar,  and  optica* 
systems 

The  present  HDL  staff  operates  a  facility 
which  is  unique  in  the  Army's  Materiel  Develop¬ 
ment  and  Readiness  Command  (DARCOM)  HDL 
has  conducted  semiconductor  research,  develop¬ 
ment,  and  investigation  of  processing  techniques 
continuously  for  more  than  20  years,  commencing 
with  the  introduction  of  germanium  transistors,  up 
to  the  present  common  use  of  a  multitude  of  solid- 
state  dev  ices 

HDL  nas  made  significant  contributions  to  this 
technology  For  example,  it  pioneered  in  the  use  of 
photoengraving  in  fabricating  semiconductor  de¬ 
vices  This  was  done  before  industry  converted 
from  the  use  of  germanium  to  the  predominant  use 
of  silicon  HDL  also  developed  two  important  tech¬ 
niques  that  are  now  commonlv  used  by  all  semi¬ 
conductor  fabricators  a  two-step  reduction  proc¬ 
ess  m  mask  making  and  the  generation  of  an  array 
of  devices  by  the  use  of  a  step-and -repeat  camera 

The  existing  HDL  semiconductor  research 
laboratory  was  set  up  in  part  to  develop  electronic 
devices  unobtainable  elsewhere  and  to  provide 
"hands-on"  experience  with  the  problems  of  pro¬ 
ducing  integrated  circuits  for  military  applications. 
Our  present  facility  is  therefore  equipped  to 
produce  limited  quantities  of  both  bipolar  and 
metal-oxide-semiconductor  (MOS)  devices  for  ad¬ 


vanced  prototype  proximity  fuze  designs  It  has 
been  established  through  many  years  of  tedious 
experience  that  such  m-house  work  is  the  only 
practical  way  to  acquire  devices  that  are  uniquely 
relevant  to  military  use  It  is  understandable  that 
private  industry  has  shown  little  concern  in  devel¬ 
oping  the  specialized  circuits  required  for  mi'itary 
application  Their  raison  d'etre  is  profit,  thus,  their 
primary  interests  are  centered  on  devices,  circuits, 
and  techniques  that  are  related  to  the  mass  con¬ 
sumer  markets,  such  as  those  that  apply  to  fabrica¬ 
tion  of  televisions,  calculators,  electronic  watches, 
etc  Out  of  necessity,  the  area  of  specialized,  proto¬ 
type,  low-cost,  semiconductor  military  applications 
has  been  relegated  to  HDL’s  semiconductor  group. 

At  the  present  time,  the  HDL  semiconductor 
research  laboratory  uses  these  new  technologies  as 
p3rt  of  a  program  to  reduce  the  cost  of  mass- 
produced  electronic  proximity  fuzes  This  is  one 
area  of  investigation  in  wh.ch  the  HDL  semicon¬ 
ductor  section  has  a  marked  interest,  since  recent 
years  have  brought  a  sharp  increase  in  demands  for 
lower  costs,  greater  reliability,  freedom  from  main¬ 
tenance.  and  use  of  proven  radiation-hardened 
components 

In  regard  to  cost,  industry  experience  shows 
that  the  specific  economics  of  diverse  integrated 
circuits  makes  it  dnficult  to  arrive  at  a  meaningful 
average  cost  for  an  integrated  circuit,  but  there  is 
complete  agreement  that  where  the  production 
level  is  sufficiently  large,  silicon  monolithic  devices 
are  the  least  expensive  components  More  impor¬ 
tantly,  HDL  has  pioneered  and  is  continuing  an 
effort  to  provide  electronic  ordnance  functions  m 
an  integrated  form  so  that  they  will  be  available  at 
lower  cost  than  is  now  possible  with  discrete  com¬ 
ponent  electronics 

As  a  direct  result  of  past  accumulated  experi¬ 
ence,  there  resides  within  the  HDL  Microelectron¬ 
ics,  Materials,  and  Reliability  Branch  a  detailed 
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knowledge  of  the  technologies  used  in  fabricating 
semiconductor  devices  and  circuits  for  military  ap- 
plications  However,  the  present  semiconductor 
research  laboratory  has  a  limited  capability  The 
dev  *».es  that  are  designed  and  fabrica’ed  there  dem¬ 
onstrate  operational  reliability  and  feasibility,  but 
not  at  high  production  rates  The  PVF  would  pro¬ 
vide  the  ability  to  demonstrate  producibility  in  a 
more  advanced  semiconductor  facility  It  wil>  be 
maintained  and  operated  by  research  and  develop¬ 
ment  personnel,  but  will  include  industrial -type 
equipment  so  that  resulting  end  items  will  demon¬ 
strate  producibility  as  well  as  feasibility 


III- 1.2  Problems 

Various,  obvious  problems  have  increased 
emphasis  on  the  RAM  concept  {reliability,  availabil¬ 
ity,  maintainability),  which  brings  to  the  forefront 
one  of  the  outstanding,  advantageous  features  of 
monolithic  structures  homogeneity  This  charac¬ 
teristic  ensures  that  tests  establishing  the  reliability 
of  a  representative  group  of  devices  are  meaningful 
to  the  entire  group  when  it  is  known  lha*  common 
and  consistent  fabrication  technology  was  em- 
plc  *ed  Semiconductor  fabrication  technology  is 
admirably  suited  to  batch  processing,  in  which 
large  numbers  of  devices  are  made  m  an  identical 
manner 


level  electromagnetic  pulses  similar  to  those 
produced  by  exoatmosphenc  nuclear  explosions, 
and  (4)  the  High  Intensity  Flash  X-Ray  Facility 
(HIFX),  which  simulates  the  effects  of  nuclear- 
weapon  radiation  on  weapon  electronic  system*  by 
providing  an  intense  nanosecond  burst  of  photon  or 
electron  radiation  The  proximity,  availability, 
scheduling  ease,  and  minimum  paper  work  re- 
quirea  for  use  of  these  facilities  are  all  advantages 
accruing  to  the  HDl  PVF  More  relevant  are  the 
many  types  of  radiation  and  the  range  of  intensities 
and  pulse  durations  available  But  most  important  is 
the  situation  that  ensures  that  these  tests  will  be 
unde:  the  direction  of  the  R&D  personnel  and  will 
be  conducted  during  the  earliest  stages  of  circuit 
development  Thus,  the  PVF  will  prove  to  be  most 
effective  by  making  use  of  available  facilities  and 
talent  to  select  technology,  components,  and  cir¬ 
cuits  at  the  earliest  phases  of  prototype  fuze 
development 

Another  factor  to  be  considered  is  the  range  of 
technological  capabilities  of  the  PVF,  both  immedi¬ 
ately  and  m  the  future  It  is  presently  considered 
that  the  initial  work  will  be  centered  on  bipolar  and 
complementary  MOS  materials  However,  semi¬ 
conductor  technology  is  expanding  so  rapidly  that 
the  horizons  are  virtually  unlimited,  and  with  the 
PVF  as  contemplated,  future  developments  into 
other  technology  areas  will  also  be  possible. 


The  RAM  concept  is  especially  pertinent  in  the 
radiation  hardening  of  semiconductor  devices  be¬ 
cause  the  seventy  of  radiation  effects  on  MOS 
devices  depends  on  the  hardening  process  used 
Four  HDL  facilities  arc  available  for  evaluating  radi¬ 
ation  effects  These  are  (1)  the  cobalt  60  source — 
an  air  and  wate^  irradiation  source,  which  is  used  to 
expose  electronic  devices  and  systems  to  simulated 
nuclear-'onizmg  threat  environments,  (2)  the 
Gamma  Ray  Simulation  Facility  (AURORA),  which 
produces  a  1 00*ns  bremmstrahlung  radiation  pulse 
with  a  total  gamma  dose  of  50.000  rads(Si)  at  the 
midpoint  of  a  1-m-dtam  by  l-m-long  cylinder  and 
can  evaluate  gamma-ray-induced  transient  radia¬ 
tion  effects  in  electronics  (TREE)  on  large  weapon 
systems,  (3)  the  Transportable  Electiomagnetic 
Pulse  Simulator  (TEMPS),  which  produces  threat- 


The  PVF  would  greatly  alleviate  one  problem 
that  now  exists  making  the  practical  transition 
between  demonstrating  feasibility  and  ensunng 
producibility  It  is  possible  to  fabricate  an  integrated 
circuit  of  special  function  in  a  limited  quantity,  but 
this  does  not  mean  that  it  will  then  be  possible, 
using  similar  procedures,  to  produce  these  same 
circuits  economically.  Thus,  the  PVF  will  provide  a 
limited  staging  area  to  demonstrate  that  the  circuits 
are  producible  with  equipment  and  facilities  com¬ 
monly  used  by  industry. 


In  particular,  four  major  concerns  of  semicon¬ 
ductor  processing  technology  have  been  resolved 
by  industry,  but  not  in  the  present  research  labora¬ 
tory  These  are 
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(1)  precise  control  and  elimination  of  air¬ 
borne  contaminants  encountered  dur¬ 
ing  fabrication, 

(2)  use  of  ion  implantation  to  precisely 
control  the  distribution  of  impurities 
within  the  semiconductor  device, 

(3)  use  of  injection-molded  plastic  encap- 
sulants  to  ensure  ruggedness  and  sur¬ 
vival  under  military  conditions,  and 

(4)  introduction  of  advanced  semiauto¬ 
matic  equipment  for  use  in  all  relevant 
semiconductor  processes 

1 11-2.  Use  of  Semiconductor  PVF 

ill-2. 1  Conti  miru.  nt  Control 

Industrial  semiconductor  facilities  control  air¬ 
borne  contaminants  by  careful  design  of  the  total 
laboratory  air-handlmg  system  The  present  HOI 
research  facility  has  been  compelled  to  limit  its  air 
filtration  (clean  air)  control  to  several  specific  oper¬ 
ations  only  For  example,  in  the  photomask  fabnca- 
tion  area,  the  image-repeater  camera  must  be 
housed  in  a  special  chamber  that  has  a  filtered  au 
supply.  Unfortunately,  the  exposed  masks  must 
then  be  carried  in  covered  containers  into  the 
processi'v*  area,  which  is  not  controlled  and  where 
the  masks  can  be  contaminated.  Particles  can  col¬ 
lect  in  the  container  and  on  the  masks,  as  a  result, 
photomasks  occasionally  have  to  be  remade  be¬ 
cause  of  defects  caused  by  particle  contamination 
In  all  instances,  the  operation  is  inefficient- 
creating  handling  problems,  causing  additional 
work,  and  impairing  overall  mask  quality. 

Another  problem  exists  with  the  diffusion 
processing  of  wafers  At  present,  these  operations 
must  be  earned  out  in  an  environment  where  air 
contaminants  can  be  deposited  on  wafer  surfaces 
before  the  wafer  is  placed  m  the  diffusion  furnace. 
This,  too,  causes  surface  defects  and  results  in 
impaired  functioning  of  the  devices. 

The  contemplated  PVF  calls  for  clean  rooms 
where  the  entire  room  has  a  controlled  filtered  air 


supply  In  addition,  there  will  be  further  refinements 
in  the  immediate  vicinity  of  operations  in  which  the 
process  being  implemented  is  especially  sensitive  to 
contaminants 

M-2.2  Ion  Imphntition 

Almost  all  semiconductor  devices  depend 
upon  precise  geometrical  placement  of  selected 
impurities  These  impurities  are  now  distributed 
thermally  by  alloying  and  diffusion  processes  using 
precise  photomasks  to  delineate  areas  Control  to 
0  5  pm  is  typical  with  these  processes,  but  overall 
yield  is  less  than  it  could  be  since  the  impurity 
atoms  display  wide-ranging  dispersion  from  an 
ideal  distribution.  With  impurity  placemen'  by  ener¬ 
getic  ion  beams,  the  desired  impunty  can  be  placed 
with  greater  precision  (better  than  0  I  pr.i)  and  with 
more  precise  control  of  spatial  distribution  This 
technique  is  now  being  used  by  industry  in  process- 
iitg  an  increasing  number  of  semiconductor  devices 
to  produce  better  devices  with  a  greatly  reduced 
reject  rate  The  present  HDL  facility  has  no  ion- 
implantation  equipment,  ion  implantation  is  pro¬ 
posed  for  the  new  PVF  facility 

II  1-2.3  Injection-Molded  Cncipsuhtion 

In  building  fuzes,  only  hermetically  sealed 
devices  can  be  fabricated  in  the  present  facility. 
Although  these  devices  are  satisfactory— they  are 
rugged  enough  to  survive  most  gun-fired  environ¬ 
ments — they  are  more  expensive  to  fabricate  than 
injection-molded  encapsulations  (IMF's)  Most  in¬ 
dustrial  semiconductor  package  output  is  now  plas¬ 
tic  encapsulated,  thus,  it  can  be  expected  that  use 
of  hermetic  seals  in  fuze  manufacture  will  soon  be 
completely  outmoded,  resulting  m  higher  costs  in 
the  future  There  is  a  more  compelling  reason  than 
cost  for  choosing  the  injection-molded  encapsula¬ 
tions  It  has  been  demonstrated  that  solid  encapsu¬ 
lations  are  required  for  survival  and  reliable  opera¬ 
tion  in  the  more  extreme  military  environments 
Therefore,  HDL  will  require  equipment  for 
injection-molded  encapsulation  to  duplicate 
industrial-type  encapsulation  in  military  electronic 
systems 
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llt-2.4  Semiautomatic  Semiconductor  Pro¬ 
cessing  Equipment 

Those  who  fabricate  semiconductor  device* 
in  industry  are  increasing  their  use  of  semiautomatic 
processing  equipment,  with  the  following  benefits 

{ 1 )  precise  process  control, 

(2)  minimised  variations  caused  by  the  hu¬ 
man  factor, 

(3)  increased  production  rates,  and 

(4)  reduced  costs 

Also,  money  is  saved,  bv  the  use  of  less-skiiled 
personnel,  who  require  shorter  training  n**nods.  In 
particular,  the  photoengraving  of  devices  has  bene¬ 
fited  from  the  use  of  semiautomatic  equipment  for 
applying  photoresist,  for  processing  plate*,  and  for 
the  stringent  cleaning  required  for  device  fabrica¬ 
te.*  Modern  diffusion  furnaces  row  incorporate 
elaborate  gas  distribution  systems  that  provide  pre¬ 
cise  control 

Since  similar  facilities  have  not  been  available 
at  HDL,  current  efforts  in  the  research  laboratory 
have  necessarily  been  limited  to  hand  operations 
As  a  result,  the  end  product  vanes  from  person  to 
person,  and  overall  vields  are  generally  lower  than 
would  occur  in  an  automated  system  Until  now, 
this  process  has  been  adequate  to  demonstrate 
feasibility  but  not  produc.bilitv  Demonstration  of 
the  latter  will  require  the  use  of  equipment  and 
methods  similar  to  those  used  in  industry 

111-2.4. 1  Reasons  for  Equipment  Se¬ 
lection 

The  equipment  to  be  used  in  the  PVF  semicon¬ 
ductor  facility  ha>  been  selected  as  representative 
of  the  tvpes  used  by  industry  in  the  production  ot 
semiconductor  deuces  (See  equipment  list  in  seel 
111-2.5  )  The  equipment  listed  here  has  been  se¬ 
lected  to  provide  a  capability  that  is  not  now 
available  at  HDL  and  to  bring  exist.ng  outdated 


facilities  up  to  the  level  of  current  technology.  Thus, 
some  items  of  listed  equipment  will  be  quite  similar 
to  those  now  used  in  the  research  laboratory,  but 
thev  will  be  improved  versions,  vastly  superior  to 
those  presently  available  The  goal  is  to  have  a 
versatile,  comprehensive  semiconductor  facility 
that  will 

(1)  replace  the  outmoded  resea.ch 
laboratory, 

(2)  permit  trained  personnel  to  carry  out 
investigative  processing  studies,  and 

(3)  use  the  system  *o  demonstrate  feasibility 
and  prove  producibilitv 

A  PVF  at  HDL  will  assure  «aptd  interchange  of 
production-derived  info'mation  to  the  research 
staff,  and  in  this  way  increase  scheduling  efficiency, 
shorten  development  time,  and  cut  the  costs  be¬ 
tween  development  to  production. 

tH-2.4.2  Detailed  Description  of  PVF 
Semiconductor  Facility 

The  following  describes  the  work  flow  and 
equipment  proposed  for  the  PVF  Semiconductor 
Facility 

Figure  1 1  l-l  shows  a  general  layout  of  the  PVF 
semiconductor  facility  The  work  w.ll  be  initiated  in 
tne  electronic  design  area,  S-24,  where  work  begins 
on  providing  solutions  to  a  project  problem  using 
semiconductor  technology.  Development  and 
production  people  with  complex  circuit 
requirements  will  bring  their  needs  to  a  staff  of 
electronic  engineers  familiar  with  this  technology 
The  engineers  will  design  the  required  circuits  using 
integrated  circuit  concepts  (for  instance,  transistors 
are  more  efficiently  integrated  than  resistors,  as  a 
result,  circuits  use  many  active  devices  and  few 
passive  components)  This  preliminary  design  will 
then  be  breadboarded  using  components  that  have 
been  fabricated  and  shown  to  he  compatible  with 
the  planned  production  process  This  procedure 
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permits  initial  evaluation  of  the  design  and  allows 
for  some  modification  and  improvement  of  the 
circuit  before  the  photomasks  are  made 

The  staff  of  the  Semiconductor  Facility  will 
then  use  the  interactive  phics  equip-^nt  that  is 
part  of  the  photographic  acility,  S-27,  to  generate 
the  required  photomasks  Three  steps  are  needed  to 
make  a  photomask 

(1)  A  proven  circuit  design  is  converted  to  a 
mask  layou*,  representing  the-  specific  photomask- 
mg  steps  required  to  convert  a  silicon  wafer  to  an 
operating  dev  ce  This  layout  is  designed  to  mini¬ 
mize  both  conductor  crossovers  and  parasitic  inter¬ 
action  between  subcircuits 

(2)  The  layout  is  digitized  onto  a  magne'ic- 
tape  format  that  provides  the  data  required  by  a 
pattern  generator  The  pattern  generator  creates  an 
oversized  t!0  \ )  replica  of  the  desired  circuit  con¬ 
figuration  on  a  glass  pliotographic  emulsion  This 
pattern  is  then  examined  tor  defects  before  it  is  in 
**un  used  to  generate  the  final  size  mask 

t3»  The  final  step  takes  the  mask  created  by 
the  pattern  generator,  reduces  it  by  a  factor  of  10, 
and  re|«cats  tins  image  into  a  predetermined  array 
that  may  be  e.(her  circular  or  rectangular,  to  form 
the  master  photomask  for  that  particular  level  This 
master  mav  then  be  used  to  transfer  the  image 
directly  to  »he  surface  of  the  silicon  wafer  or  itselt 
be  contact  printed  to  fabucale  many  working 
masks 

This  working  mask  is  then  pan  ot  a  senes  of 
masks  wh»ch  when  repheated  on  the  sunace  of  a 
silicon  water,  contributes  to  the  completion  of  a 
working  devKC  Through  the*  use  ot  photographic 
technology,  the  original  ciicuit  design  has  been 
multiplied  many  times  to  simultaneously  produce 
hundreds  of  functional  circuits  on  a  single  silicon 
wafer 

The  following  bneflv  describes  the  process  a 
uw  silicon  wafer  would  undergo  on  its  way  to 
becoming  an  operational  active  device 


The  initial  form  of  the  silicon  wafer  will  be 
approximately  2  :n  in  diameter  as  purchased  from 
commercial  vendors  and  wil<  conform  'o  HDL’s 
specifications.  These  specifications  will  include 
crystal  orientation,  resistivity,  thickness,  fault  den¬ 
sity,  lifetime,  flatness,  and  surface  quality. 

After  incoming  inspection,  the  silicon  wafers 
begin  their  processing  in  room  S-29  (see  fig  111-1), 
where  the  wafers  are  chemically  cleaned  and  then 
rinsed  «n  high  purity  water.  Following  this,  the  wa¬ 
fers  are  either  heavily  oxidized  in  a  diffusion  fur¬ 
nace  to  reduce  or  eliminate  surface  damage  or  they 
are  chem’cally  etched  in  an  epitaxial  reactor  The 
oxide  s  then  removed,  the  wafers  are  chemically 
cleaned  again  and  reoxidized 

Processing  now  switches  to  the  photolithogra¬ 
phy  room,  S-31 .  The  first  step  is  the  application  of 
photoresist  by  spinner  techniques  Then  the  first 
p  -'rn  mask  is  mounted  (usually  a  buned  layer  or 
floating  collector)  The  mask  is  exposed  to  ultravio¬ 
let  light,  using  automatic  mask  alignment  equip¬ 
ment,  and  then  inspected  Next,  photoresist  is  re¬ 
moved  and  the  units  are  carefuliy  cleaned  The 
material  is  now  ready  to  go  to  the  diffusion  fur¬ 
naces  The  photoresist  pattern  ha--  permuted  a  se¬ 
lective  removal  of  the  oxide  layer,  which  thereby 
defines  open  regions  of  the  siIk/w  wafer  into  which 
selected  dopants  can  be  introduced  by  diffusion  to 
a  desired  depth  At  the  conclusion  of  the  diffusion 
step  a  major  part  of  the  fabrication  cycle  is  com¬ 
plete  and  a  new  sequence  starts  The  wafer  is 
thoroughly  cleaned  again,  and  the  wafer  is  then 
placed  in  tt«e  production  epitaxy  facility  where  a 
new  laver  of  silicon  is  grow  n  to  specified  resistivities 
and  concentrations.  The  wafer  is  then  immediately 
reoxidized  and  brought  back  to  the  photolithogra¬ 
phy  room  for  photoresist  recoat  mg  The  sequence 
of  steps  is  then  repeated  as  outlined  previously.  The 
number  of  times  this  sequence  is  repeated  depends 
upon  the  device  requirements  When  the  last  diffu¬ 
sion  step  has  been  completed,  the  oxide  removed, 
and  cleaning  performed,  the  wafer  is  brought  io  the 
Planetary  Metal  Station  for  metallization  with  alu¬ 
minum  by  evaporation.  Typically,  for  an  MOS  uni¬ 
polar  technology.  5  to  7  masks  are  needed,  a 


bipolar  technolog)  requires  from  7  to  1 1  masks  to 
fabncaleacircuit 

In  parallel  with  all  the  steps  described  above, 
lest  wafers  will  be  set  aside  for  measurement  of 
diffusion  depth  using  the  profilomcter,  the  d  I  ipso  fri¬ 
tter ,  or  the  bevel-and-siatn  technique  in  combina¬ 
tion  with  the  interferometer  The  scanning  electron 
microscope  could  be  available  for  checking  surface 
defects 

After  aluminum  metallization,  the  units  are 
brought  back  to  the  photo'ilhography  room  for 
delineation  ot  the  interconnect  pattern  Photoresist 
is  again  used  and  the  usual  steps  are  followed,  after 
which  the  wafer  is  c  leaned. 

Next,  the  wafer  is  sintered  in  a  small  furnace. 

The  wafers  are  now  probed  for  crcwt  func¬ 
tion,  and  defective  units  are  marked  Thev  are  then 
scribed  and  broken,  and  the  electrically  acceptable 
chips  are  visually  inspected. 

In  summary,  the  following  semiconductor  op¬ 
erations  are  common  to  the  processing  of  most 
cievK  es  to  be  fabricated  in  this  facility. 


12)  deionized  water  rinse  of  ultra-high  purity 

(3)  thermal  oxidation  of  silicon 

(4)  chemical  etching  of  S«Oj  to  delineate  dif¬ 

fusion  areas 

t5>  epitaxial  growth  in  a  reactor 

(6)  optical  inspection 

(7)  photoresist  application  by  high 

acceleration 

(81  photomask  alignment  and  exposure 

(9)  photoresist  dev  elopment 

(10)  photoresist  removal 

(11)  dopant  predepositions  (about  seven) 

(12)  dopant  dnve-ins 

(13)  diffusion  dep(h  measurement 

(14)  resistivity  measurement 

(1 5»  surface  defect  count  (optical  microscope 
or,  possibly,  scanning  electron 
microscope) 

(1 6)  interconnect  metallization 

(17)  silicon-aluminom  Sintering 

(18)  electrical  test  by  probes 

( 1 9)  wafer  scribing  and  breaking 

(20)  visual  inspection 

(2 1 )  die  bonding  to  headers  or  package; 
t22)  lead  bonding 

(23)  encapsulation  and  lid  attachment 

(24)  final  electrical  test 

(25)  hermeticity  tests 

(26)  environmental  tests 


(I)  chemical  cleaning 


111-2.5  Minim a!  Recommended  Equip¬ 
ment — Basic  Plan 

The  equipment  that  would  be  needed  for 
efficient  performance  of  a  PVF  semiconductor  facil¬ 
ity  i<.  listed  m  the  following 

<a»  Clean-Room  Expansion—  Add  25  silicon 
work  stations  with  exhausts 

<b>  Automatic  Photoresist  Handling— Add 
spinners  to  Photoresist  Facility,  water 
spinner  device  dopants  mask  spinner 

(c)  Automata.  Water  Prober— Add  one 
station 

(d>  Automatic  Testers — Add  Test  Stations  for 
the  completed  package,  linear  tester, 
digital  tester. 

(e>  Automatic  Mad,  Alignment— Add  align¬ 
ment  and  exposure  machines 
projection  alignment 

(ft  Photomad  Improvements— Add  closed- 
loop  focus,  add  capabiluv  for  hard 
surface  pattern  generator  ton  chrome), 
laser  mask  inspection  and  repair  tool, 
automatic  emulsion  developing  svstem 

<g)  Ion  Implanter 

(hi  Automatic  Die  Bonders— Add  two  auto¬ 
matic  d»c  bonders;  add  tw-o  automatic 
lead  bonders  (optical  fix) 

ti)  Automatic  Scnbmf — Add  automate 

wafer-cutting  system 

(p  Metal  Eiaporation  S\*tem—Add  high- 
capacity.  metal  evaporator  (planetary 
type) 

(k)  LPCVO —  Low-pressure  chemical  va¬ 

por  depositions  added  to  diffusion 
tubes 


(1)  Dry  Plasma  Etcher 

(m)  Scanning  Electron  Microscope — 

Supplementary  but  highly  desirable  (in¬ 
cluding  auger  and  backscatter  x-ray) 

(n)  Elhpsometer 

(o)  Profibmeter 

(p)  Infrared  Opt.cs  Hot-spot  sensing,  fault 

location,  failure  analysis 

(q)  Dr\’ Plasma  Stripper 

The  equipment  described  would  be  installed 
in  the  new  facility  on  the  second  floor  of  t!*e 
research  and  engineering  building  This  would  be  a 
complete  operating  facility  containing  all  the  equip¬ 
ment  necessary-  to  fabricate  complete  semiconduc¬ 
tor  devices,  starting  with  the  silicon  wafer 

Detailed  drawings  of  the  equipment  layout 
have  been  provided  (see  fig  111-1). 

The  facility  as  described  will  be  able  to  pro¬ 
vide  HOL  with  the  ab.lity  to  use  the  following 
technologies  bipolar,  MOS,  silicon  on  sapphire 
(SOS),  and  integrated  injection  logic  (1*1)  Other 
technologies  will  also  be  possible,  although  thev  are 
not  included  m  this  plan 

!U-2. 6  Operational  Considerations 

The  raw  materials  consumed  by  this  facility 
are  the  silicon  wafers  from  which  everything  is 
fabncated  and  the  materia!  used  during  production. 
Gases  probably  have  the  highest  use  rate.  Liquid 
nitrogen  and  oxygen  are  constantly  in  use;  specially 
doping  gases  are  also  needed  for  diffusion  and 
oxide  growth  The  facility  would  also  require  lim¬ 
ited  amounts  of  semiconductor  grade  acids  and 
solvents,  since  relatively  small  quantities  are  re¬ 
quired  in  each  processing  step 

The  mask -making  area  requires  masking 
blanks  w  hich  come  m  a  variety  of  sizes  and  surfaces 
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(emulsion,  iron  oxide,  chrome  oxide)  and  the 
chemicals  for  processing 

The  photolithographic  area  requires  various 
photoresists,  their  developing  chemicals,  and  strip¬ 
ping  solvents. 


The  only  items  which  would  be  stocked  in  the 
facility  would  be  parts  for  repairing  the  processing 
equipment  These  would  include  furnace-healing 
elements,  diffusion  tubes,  quartz  tubes  for  epitaxial 
reactors,  and  electronic  component  boards  for  the 
control  devices 
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Chapter  IV. — Prototype  Validation  Facility  for  Fuze  Power  Sources 
by  Frederick  C  Turnll 


IV-1.  Background 

Electronic  fuzes  require  a  source  ot  power 
and,  in  almost  all  cases,  it  is  provided  either  by  an 
electrochemical  or  a  wind -Omen,  electromagnetic 
power  supply  Shelf  life  limitations  and  safety  re¬ 
quirements  generally  rule  out  the  use  of  active 
batteries,  hence,  rockets,  mortars,  bombs,  artillery, 
and  mines  generally  employ  reser\e-tvpe  (liquid  or 
thermal*  batteries,  turooalternators,  or  fluidic  gener¬ 
ators  The  assoc-ated  technology  base  is  highly 
specialized  and  radically  different  from  that  of  thc- 
commorcial  kitten  or  generator  Most  of  the  re¬ 
search  and  development  that  extends  the  state  01 
the  art  in  this  technology  area  is  earned  out  in 
government  installations  To  maintain  continuity, 
minimize  munition  costs,  and  assure  reliability  of 
ordnance  electronics,  it  is  necessary  to  maintain 
this  expertise  in  the  Army's  Development  and 
Readiness  Command 

Although  these  PVF  activities  will  support  ge¬ 
neric  power  supply  systems,  specific  power  sup¬ 
plies  associated  with  tour  fuze  svstems  have  been 
selected  tor  discussion  These  four  tuzos  w  i*l  proba¬ 
bly  be  produced  soon,  they  arc  the  FMU98, 
M587/M724.  XM734,  and  M732  (in  production) 
The  corresponding  power  supplies  are  the  PSI 13. 
PS113.  PSI  27,  and  PS602  These  units  are  thus 
taken  as  the  models  lor  the  design  and  format  ot 
operations  deemed  applicable-  to  power  supplies  in 
the  foreseeable  5-  to  !0-\oar  time  frame  The 
PSI  1 3  and  the-  PSI 27  tall  into  the  category  of 
aqueous  reverse  batteries,  the  PSI  1 3  fits  the  cate¬ 
gory  of  thermal  batteries,  and  the  PSt>02  is  a  wind- 
driven  turboalternator  The  facility  will  also  accom¬ 
modate  wind  driver  fluidic  generators  such  as 
those  expected  to  find  service  in  the  second- 
generation  class  of  2  75-m  rocket  fuzes  This  de¬ 
sign  approac  h  permits  the  pow  or  supply  tec  hnology 
area  to  fulfill  immediate  program  goals,  yet  be 
sufficiently  flexible  to  adapt  readily  to  advancing 
technology 


The  PVF  will  make  it  feavble  for  power  sup¬ 
plies  to  be  fabricated  that  use  techniques  and  proc¬ 
esses  that  are  very  close  to- -or  can  readily  be 
adapted  to — those  used  by  commercial  maWac- 
turers.  Although  a  comp'ete  production  capabilit, 
will  not  be  available  within  the  PVF,  the  tooling  and 
processes  !o  be  used  will  demonstrate  and  prove 
the  techniques  required  fur  large-quantitv  commer¬ 
cial  manufacturing  in  addition,  materials  will  be 
evaluated  as  to  their  suitability  for  satisfying  perfor¬ 
mance  criteria  and  their  adaptability  in  fabricating 
the  required  power  supply  A  power  supply  design 
will  often  conta>n  parts  that  are  unique  :fi  design, 
inherently  expensive,  and  occasionally  no  longer 
available  in  the  commercial  market  The  HDL  PVF 
would  provide  a  capability  for  ready  evaluation  cf 
substitute  materials  and  items  with  respect  to  func¬ 
tional  design,  performance,  and  cost 

The  PVF  would  include  final  acceptance  test¬ 
ing  to  evaluate  the  quality  ot  the  completed  power 
supplies  Normally ,  the  aqueous  and  thermal  pow  er 
.-upplv  tests  are  oestructive.  whereas  the  air-driven 
power  supply  tests  are  nondestructive  Test  equip¬ 
ment  would  be  automated  as  much  as  possible,  but 
most  final  power  >upp!v  data  acquisition  would  be 
limited  to  acccpt/rejecl  criteria,  as  would  be  re¬ 
quired  in  commercial  production 

The  PVF  for  the  HDL  Power  Supply  Branch 
would  be  in  two  areas  the  existing  Branch  area  and 
the  proposed  PVF  annex  The  Branch  facilities 
would  include  the  laboratory,  a  test  area,  and  a  dry 
room  The  laboratory  area  would  be  used  when 
personnel  w  ere  working  with  acids  (elect roly  tesf.  as 
when  filling  tind  closing  copper  ampules  for  the 
jjower  supplies  The  lest  afea  would  house  test 
equipment,  the  high-speed  spinner,  bench- 
mounted  air  guns  and  spinner,  as  weil  as  wind- 
tunnel,  data -acquisition,  and  data-processmg 
equipment  To  accommodate  power  supply  envi¬ 
ronmental  tests,  coa'  al  cables  would  be  connected 
to  the  test  area  to  record  data  The  space  for  the 


‘aboratory  and  the  test  area  is  864  ft1  The  dry  room 
would  include  an  additional  area  of  1690  ft1,  with 
the  relative  humidity  maintai.«ed  at  less  than  3 
percent  The  dry  room  is  necessary  for  thermal 
power  supply  work  since  the  electrochemical  com¬ 
ponents  are  moisture  sensitive.  1  his  area  also  re¬ 
quires  a  machine  capability  that  will  include  a  lathe 
a  mill,  and  various  hydraulic  and  mechanical  kick 
presses  The  aqueous  power  supplv  systems  can 
tolerate  relative  humiditv  up  to  40  percent  There- 
fore,  such  equipment  could  be  located  in  the  PVF 
area  where  this  relative  humiditv  could  easily  be 
maintained  The  rotational  and  fluidic  generator 
ac  tiv  ity  would  also  be  located  in  the  annex 

To  demonstrate  that  the  PVF  can  produce 
power  supplies  with  high  reliability  and  high  qual¬ 
ity,  a  substantial  number  ot  units  must  be  fabricated 
A  guideline  for  this  number  would  be  fabrication  of 
500  to  5000  units  at  a  maximum  rate  of  1000  per 
month  A  quantity  of  less  than  500  is  not  enough  to 
demonstrate  potential  assembly  processes  The 
number  1000  represents  completed  power  sup¬ 
plies,  whereas  individual  piece  parts  could  be  as¬ 
sembled  at  a  higher  rate,  consistent  with  commer¬ 
cial  practices 

The  power  supph  systems  present  at. or.  for  the 
PVF  will  first  cover  the  aqueous  system  and  will 
then  be  followed  b>  «>  discussion  ot  the  thermal  and 
air-driven  systems  The  PS  II 5  t\M«n  (aqueous!  is 
in  production  It  has  progressed  through  conceptual 
design  and  initial  m-bouse  development,  about 
1. 000.000  units  have  been  manufactured  bv  com¬ 
mercial  sources  In  the  following  presentation,  par¬ 
ticular  portions  have  been  extracted  from  the 
conceptual  study  to  illustrate  the  PVF  approach 
The*  illustrated  concepts  are  also  applicable  to  the 
PS  127  slower  supply  and  other  aqueous  systems 
The  mam  difference  between  the  PS1 1 5  and  PS1 27 
is  the  method  in  which  the  copper  electrolyte 
ampule  is  hermetically  >ealed 

Tc  sjpport  this  PVF  effort,  general  machine- 
shop  and  special-process  equipment  is  needed  It  is 
assumed  that  such  equipment  would  also  support 
other  facility  activities  Examples  of  equipment  ana 
services  required  to  meet  the  power  supply  effort 
follow 


•  Press,  either  a  "C"  frame  or  straight  side 
with  a  capacity  of  30  tons  and  a  stroke  rale  of 
1 50  per  minute,  of  bed  size  24  by  16  in  and 
able  to  accommodate  a  600-!b  progressive 
die  Automatic  feeds  and  slock  reels  would  be 
required 

•  Injection  molding,  semi-automatic,  capac¬ 
ity  of  a  four-cavity  mold,  each  cavity  requiring 
2  oz 

•  Sintering  furnace 

•  Die  casting,  3-oz  capacity  for  either  alumi¬ 
num  or  zinc 

•  Plating  and  lool/diefanlip. 

•  Stamping,  staking,  and  roil-formmg 
machines. 

•  Lathes,  mills,  etc  of  a  variety  to  demon¬ 
strate  production  quantities 

Proposed  aoditional  equipment  required  for 
each  power  supplv  svstem  is  included  separately  in 
its  section,  except  for  the  test  and  evaluation  equip¬ 
ment  This  te^«  equipment  is  a  basic  reouiremeni  for 
any  power  supply  system  built  in  the  PVF  Equip¬ 
ment  cited  for  each  power  supply  system  would  be 
supplemented  additionally  bv  existing  Power  Sup¬ 
plv  Branch  equipment,  detailed  as  follows 

Equipment  on  Hind 

Drv  room.  1 690  ft1 
Pvrotechmc  room,  338  ft* 

Acoustic  room 
Pellet  press 
Spot  welder 
TIC  welder 
Ultrasonic  welder 
Solder,  induction 
Kick  press  <2>,  5-ton 
Hydraulic  press,  5 -ton 
Hydraulic  press,  hand  <71 
Shear/punch,  hand 
Ovens  (-F  160FM7) 

Hvdrogen  annealing  furnace 
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wwHvo'f  vatafip? 


Annealing  furnace  (21 
Vacuum  oven  (3) 

Abrasive  cleaner 
Ball  mill  (3) 

Tesi  and  evaluation  equipment 
Electronics 
Spmner 
Environmental 

5upiK>rl  machine  in  drv  room 
lathe 
Mill 

Drill  press 

1V-2.  Aqueous  Power  Supplies 
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/V-2. 1  PS115 


The  PSI1S  power  supply  (fig  IV- 1 )  is  a 
lead  lead  dioxide  reserve  energizer  using  a  copper 
ampule  as  an  electrolyte  reservoir  The  power  sup- 
plv  s  initiation  and  functions  are  described  below 
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The  power  supply  as  assembled  is  an  men. 
sealed  uni1  encased  in  a  plastic  housing  with  pro¬ 
truding  wire  leads  for  connection  to  the  fuze  The 
chemical  reactants  are  kept  separate  bv  enclosing 
the  electrolyte  in  a  sealed  copper  ampule 
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Upon  encountering  the  setback  and  spin 
torces  generated  on  a  projectile  during  firing,  a 
weight  enclosed  in  the  ampule  collapses  the  cutler 
blades,  piercing  the  diaphragm  This  allows  the 
electrolyte  to  flow  into  the  cell  stack  via  the  fill  hole 
The  methvlene  bromide,  a  heavv.  nonconduciive 
liquid,  sequentially  flows  iron*  the  canridgc  behind 
the  electrolyte  and  masks  the  cut  edges  ot  the  till 
hole,  preventing  mtercell  short  circuits  In  this  ac¬ 
tive  sute,  an  electrochemical  reaction  occurs 
within  the  cells  between  the  alternating  lead  and 
lead  dioxide  surfaces,  which  are  insulated  from 
each  other  bv  fishpaper  separators  The  19-cell 
senes  stack  develops  an  open  circuit  u  minal  volt¬ 
age  of  approximately  30  Vdc 

A  production  manufacturing  process  is  illus¬ 
trated  m  figure  IV-2  The  foasrbilitv  of  the 
production  and  process  concepts  outlined  on  the 
drawing  arc  the  result  of  an  engineering  study 


Figure  IV-1 .  Aqueous  power  sup»~  issembiy. 


These  concepts  are  a  valid  starting  point  tor  specific 
equipment,  tooling  design,  and  fabrication  me¬ 
thods  The  drawings  also  depict  the  ultmv’e 
production-hm  handling  methods  which  in  some 
areas  will  be  simplified  for  the  PVF  These  differ¬ 
ences  w  ill  be  explained  station  by  station  m  the  text 
and  m  appendix  IV-A 

Dunng  the  setup  of  anv  production  line,  prob¬ 
lems  usually  arise  with  tooling  and  methods  and 
persist  until  the  bugs  ’  are  worked  out  Although 
the  manufacturing  methods  are  unique,  HDL  has 
had  some  similar  experience  and  can  anticipate 
spec. fie  problems  regarding  the  PS1 1 5  tac  These 
areas  are  ampu’e  sealing,  cutter  and  blade  assem¬ 
bly,  electrode  and  ampule  assembly  bonding,  and 
injection  molding  of  the  final  assembly 
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The  main  problem  associated  with  the  sealing 
of  the  ampule  can  is  containing  the  electrolyte  in 
the  ampule  during  vs  elding,  which  is  very  difficult 
since  the  ampule  must  be  filled  with  the  acid  almost 
to  i«s  lip  Maximum  acid  is  used  because  the  physi¬ 
cal  volume  of  the  ampule  has  to  be  kept  to  a 
minimum  and  also  because  excess  air  is  undesirable 
where  fluobonc  aod  and  copper  are  present 
Therefore,  any  movement  of  the  ampule  may  spill 
acid  onto  the  weld  area  and  spoil  the  seal  Also,  if 
the  welding  process  (generating  heat)  is  not  quick 
and  efficient,  the  liquid  may  expand  onto  the  weld 
area  or  vapors  may  be  generated  that  will  cause 
blow-holes 

The  assembly  of  the  blades  to  the  cutter  plate 
is  a  problem  because  the  small  size  and  intricate 
shape  of  the  blades  cause  them  to  tangle  and  bunch 
up  when  handled  m  bulk  Also,  the  alignment  ot 
blade  to  cutter  is  exceptional  critical  Another 
factor  that  has  not  been  rosolved  is  whether  to  set 
the  90-deg  bend  in  the  cutter  plate  before  or  after 
assembly  with  the  Wade,  or  to  assemble  at  45  deg 

Problems  encountered  in  electrode  and  am¬ 
pule  a>sembl,r  bonding  will  greatly  depend  on  the 
aeveloomenl  and  selection  of  the  tabncalion  me¬ 
thods  The  complete  electrode  assembly  sequence 
and  ampule  assembly  must  be  subjected  to  a  he  it 
cycle  in  order  to  achieve  adhesion  of  the  poh ethyl¬ 
ene  coated  (bonding  agentt  fi>hpapcr  separators 
and  spacers  Induction  heaters  are  planned  to  be 
the  heal  source — a  method  that  has  not  been  at¬ 
tempted  p:cv  iousl>  on  this  tv  pe  of  power  suppU 

The  final  molding  of  the  plastic  housing 
around  the  dect.odc  and  ampule  assembly  will  also 
present  many  problems  Mold  design  will  be  critical 
since  the  electrode  and  amjnile  assembly  must  be 
held  m  place  firmly  but  without  anv  deformation 
Molding  control  parameters  such  as  heat,  pressure, 
cycle  time,  cure  time,  etc.  will  have  to  be  controlled 
precisely  to  prevent  overheating  the  ampule  and 
causing  plate  misalignment 

In  all  the  above  areas,  a  prime  advantage  ot 
the  PVF  is  the  availability  of  equipment  for  one  to 
investigate  and  resolve  problems  before  entering 


into  any  large-scale  production  This  will  ensure  the 
smooth  transition  from  m-house  development  to 
production  at  a  contractor  s  plant  with  the  Govern¬ 
ment  personnel  having  more  than  adequate  knowl¬ 
edge  to  intelligently  guide  the  contractor 

The  following  described  process  will  include 
inspection  stations  at  appropriate  points  These  sta¬ 
tions  will  ensure  that  the  raw  materials,  individual 
piece  parts,  or  assemblies  comply  with  the  drawing 
specifications. 

Although  the  PVF  is  not  a  manufacturing  plant, 
its  purpose  is  to  prove  or  establish  techniques  for 
component  manufacture  It  is  thus  apparent  that 
many  procedures  of  the  PVF  will  be  entirely  suit¬ 
able  for  a  manufacturer's  facility 

Ampule  Assembly. — Figure  IV-3  shows  the 
relative  position  of  the  10  parts  of  the  ampule 
assembly  The  flow  process  is  outlined  on  figure  IV- 
2  A  straight-line  intermittent  system,  shown  in 
figure  IV-4,  was  selected  for  ampule  assembly.  This 
scheme  has  the  advantage  of  imparting  flexibility  to 
work  station  placement  and  ready  addition  of  future 
stations.  Additionally,  work  stations  may  be  posi¬ 
tioned  to  afford  greater  maintenance  accessibility. 
Al«o  evaluates  was  an  ampule  assembly  on  an 
automatic  assembly  machine  using  an  eight-station 
intermittent  dial  as  its  nucleus  The  disadvantages  of 
an  intermittent  dial  were  that  it  would  be  too 
crowded  for  efficient  maintenance  and  would  not 


CUTTER  PUT* 


Figure  IV-3.  Ampule  assembly. 
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be  easily  adaptable  to  the  addition  of  future  work 
stations  Because  of  these  disadvantages,  the 
circular  d«a!-pt»le  method  was  dropped 

The  v> elding  station  will  be  the  pacing  opera¬ 
tion  on  the  proposed  production  ampule  assembly 
system  A  6-s  cycle  «s  estimated  Details  for  ampule 
and  cartridge  assembly  are  described  in  appendix 
A 

Cutter  -U«v7?6/i  — The  fabrication  of  the  cut¬ 
ler  assemblv  components,  its  cutter  plate,  and  three* 
cutter  bljdes,  would  present  no  problem  The  con¬ 
figuration  of  both  parts  is  easily  achieved  from 
standard  die  design  practice 

The  assemblv  methods  pertinent  to  the  above 
parts  arc.  however,  extremelv  limited  A  die-set 
assemblv  scheme  is  not  considered  to  be  feasible 
because  of  the  proximitv  ot  the  parts,  their  right  - 
angle  assemblv.  and  the  hinges  and  tabs  inherent  in 
the  c  utter  plate  design 


The  nucleus  of  the  cutter  assembly  machine  is 
a  punch  press  equipped  with  a  pneumatic  intermit¬ 
tent  motion  (four-station,  dial-lvpe),  shown  in  fig¬ 
ures  IV-5  through  IV-7  This  type  of  equipment  is 
«i%a*l?hle  as  a  standard  item,  although  modifications 
mav  be  required  Tiic  "rodificalions  anticipated 
mav  necessitate  additional  press  c  learance  a*d  re¬ 
location  of  tooling  mounting  surfaces 

The  cutler  blades  are  to  be  former)  and 
blanked  on  a  1-on  d'c,  using  the  30-ton  Minster 
press  at  a  rate  ot  300  blades  per  minute  Blades  wnl 
then  be  cleaned  and  heat  treated  The  cutter  plate 
will  be  conventionally  die  cut.  although  not 
blanked,  on  the  assembly  dial  press  A  departure 
from  convention  will  be  that  the  hinges  (which 
eventuallv  support  the  cutter  blade)  will  be  formed 
m  the  die  to  90  deg  and  then  ironed  to  their  original 
flat  position  This  operation  will  allow  flat  place¬ 
ment  of  the  blades,  yet  impart  a  bend  memory  to 
the  cutter  plate  hinges  for  reforming  alter  installa¬ 
tion  ot  the  cutter  blades 
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Figure  IV-7.  Cutler  aitembly  worVhoWer  mechanic*. 


Another  suggested  procedure  will  die  form  the 
cutter  plate  hinges  to  45  deg  before  assembly  and 
bend  them  to  the  vertical  after  cutter  blade  installa¬ 
tion  Details  tor  this  proposed  method  are  in  appen¬ 
dix  IV-A  at  the  end  of  this  chapter 

Stack  Assembly  — The  PS1 15  stack  assembly 
consists  of  an  ampule  assemble,  a  seal  ring,  a 
sequencer,  20  separators,  19  plates,  an  insulator, 
and  2  wire  leads,  shown  in  figure  IV- 1 


The  process  flow  is  outlined  on  figure  IV-2 

The  seal  ring,  separators,  plates,  and  insulator 
are  blanked  from  coil  stock  on  progress^  e  dies,  two 
parts  per  press  stroke,  through  the  die  set  and  into  a 
holding  magazine,  shown  in  figure  ‘V-8.  at  a 
production  rate  of  200  pans  per  r.unute  (press 
speed  100  strokes  per  minute),  using  a  4-tcn  h\- 
dra  ulic  press 

The  process  of  building  the  electrode  and 
ampule  assembly  will  occur  within  a  closed-line 
system,  figure  IV-9,  at  a  rate  of  18  units  per  minute 
for  the  PVf  The  PVF  will  deviate  from  the  planned 
production-line  conveyor  system  and  instead  use  a 
tote  tray  to  transport  the  workholder  ifig  IV-10) 
from  station  to  station  The  workholder  contains  a 
die  spring  in  the  cente*  which,  when  compressed 
0  25  in  to  the  stops,  creates  a  250-lb  force  on  the 
stacked  unit  The  guides  used  ir  stacking  are  made 
out  of  a  nonconductive  material,  such  as  glass-filled 
nylon,  which  will  withstand  300  F  heal  The  clamo- 
ing  dogs  are  steel  and  ride  on  a  sliding  track  The 
four  holes  on  the  outer  corners  are  used  for  align¬ 
ment  on  the  compression  and  healing  indexing  unit 
Points  of  contact  with  fishpaper  will  be  Teflon 
coated  to  prevent  st-^.ng  of  tne  polyethylene.  The 
details  for  the  assembly  are  described  in  appendix 
IV-A 

Compression  and  Heat  Seal  — The  production 
facility  will  have  three  sets ot  induction  heaters,  the 
PVF  will  use  one  set  Ifig  IV- 1 1  >  Appendix  IV-A 
describes  the  senes  ot  operations  which  occurs  at 
this  station 


Figure  IV-8.  Magazine  for  separators  and  plates. 

Wire  Welding  — At  stations  1 2  and  13,  figure 
IV- 1 1 .  semiautomatic  systems  will  be  used  for  per¬ 
cussion  butt  welding  The  welder's  two  wire  leads 
will  be  designed  with  a  weld  monitoring  system 
Units  will  be  manuall>  loaded  at  station  1 1  The 
wire  will  be  automatically  fed,  straightened,  cut, 
and  welded  at  stations  1 2  and  1 3  The  wire  wsll  be 
prclinned  nickel  or,  if  the  pretinned  wire  causes 
problems  in  the  welding  area,  nickel  wire  will  be 
used,  requiring  a  wave  tinning  operation 
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Figure  IV-11.  Compression  and  heal  seal. 
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fin.il  Assembly  {Injection  Molding )  —  From 
wire  weldmq,  the  electrode  and  ampule  assembly 
will  proceed  to  final  assembly  Insert  molding  is  the 
proposed  method  for  final  assembly  of  the  e'ec- 
trode  and  ampule  assembly  into  l».e  unitized  power 
supply  configuration  The  ampule  assemb'v  will  be 
centered  in  a  mold  cavity  and  protected  by  a 
premolded  locator  and  ampule  protector,  which 
will  also  provide  lateral  support  for  the  cell  stack  A 
premolded  bo.tom  support  plate  will  locate  the 
stack  and  pros  ide  a  means  of  applying  pressure  to 
the  cell  stack  during  insert  molding  to  ensure  that 
the  seal  between  the  plates  and  insulators  remains 
intact  <fig  IV-12)  These  two  parts  will  be  assem¬ 
bled  with  the  electrode  and  ampule  assembly  and 
loaded  as  a  unit  into  the  bottom  half  ot  a  mold, 
positioned  on  an  index  table  A  complete  mold  for 
this  operation  consists  of  two  bottom  cavities  and 
one  top  cavitv  With  the  bottom  cavitv  mounted  on 
an  index  table  it  is  possible  for  an  operator  to 
remove  the  molded  power  supplies  and  load  the 
inserts  while  the  second  cavitv  of  the  mold  is  m  the 
molding  cvcle 

Injection  molding  ot  the  power  supply  will 
provide  a  completely  sealed  assembly  The  wires 
will  be  positioned  more  precisely  than  could  be 
expected  5  the  housing  were  Firs:  molded  and  then 
the  assemb'v  was  held  together  with  epox> 

One  vertical  clamping  molding  machine  with 
a  tour-ta.itv  mold  mne  top  half  and  two  bottom 
halves*  wi '  lie  required 

f<njl  tnsjxruon — Finished  units  will  be  in¬ 
spected  visualh  tor  obvious  de  ects.  e  g .  wire  tin- 
nmg,  voids,  flash,  leakage,  or  Jlher  physical  dam¬ 
age  Dimensions  will  be  checked  for  conformance 
to  drawing  requirements 


•sowers* 


Figure  IV-12.  Final  assembly  by  insert  molding. 

Oper.ition.if  Spin  rests  —  Sample  units  will  be 
selected  from  each  lot.  the  quantity  will  depend  on 
lot  size  Tests  will  be  conducted  at  spin  speeds  of  45 
to  360  rps  on  units  conditioned  at  -40  to  1 40  F 


.^ndesuuctive  electrical  te>ls  for  cold  voltage  The  electrical  characteristics,  voltage,  and 

4 1 so  mV  maximum,  nsulalton  resistance  1200  noise  of  the  tested  power  supphes  will  be  moni- 
Mohrr.  mir.  mum  when  measured  at  200  Vdc).  and  tored  on  a  te-4  console  tor  compliance  with  the 
possible  cap  c  it  ante  will  be  performed  on  a  single  optional  requirements.  The  console  will  record  all 
slide-loaded  nondestructive  tester  with  a  iauli  mdic  data  and  visually  indicate  the  failure  mode  if  an  out- 
ator  tor  eac  h  test  of-speoficalion  condition  occurs. 
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Engineering  evaluation  tests  will  also  be  con¬ 
ducted  to  establish  the  ability  of  the  power  supplies 
to  meet  operational  requirements  after  being  sub¬ 
jected  to  any  combination  of  the  following  environ¬ 
mental  conditions:  (1)  transportation  vibration, 
(2)  thermal  shock,  (3)  storage,  (4)  drop  tests,  and 
(5)  jolt/jumble. 

Following  spin  testing,  rapid  case  removal  is 
an  important  prerequisite  to  valid  postmortem  in¬ 
spection  of  reserve  power  supplies.  However,  the 
PS1 15  power  supply  design  does  not  lend  itself  to 
the  simple  rapid  decasement  practices  incorpo¬ 
rated  on  conventional  reserve  power  supplies. 

The  method  suggested  to  facilitate  rapid  and 
economical  case  removal  requires  special  appa¬ 
ratus  depicted  by  figure  IV- 1 3.  The  operation  of  this 
concept  follows. 


Figure  IV-13.  Postmortem  broach  detail. 

The  tube  guard  is  raised,  telescope  fashion, 
and  a  power  supply  is  placed  in  position.  With  the 
tube  guard  lowered,  the  air  cylinder  is  activated  by 
a  momentary  contact  switch.  The  ram  pushes  the 
power  supply  past  the  broach  cutters  and  the  unit  is 
ejected,  its  case  broached  to  the  stack  in  three 
places  by  the  keyway  cutters.  It  is  now  ready  for 
further  manual  decasing  with  pliers. 


IV-2.2  PS1 27  Ampule  Sealing 

Ampule  sealing  for  the  PS127  power  supply 
uses  the  technique  of  tungsten  inert  gas  (TIC) 
welding.  While  thousands  of  copper  ampules  have 
been  successfully  TIG  welded  singly,  the  process 
has  not  been  automated.  Automation,  which  would 
not  be  difficult,  is  described  as  follows. 

The  copper  lid  and  ampule  case  would  be 
positioned  by  syntron  vibratory  bowl  feeders  onto  a 
rotary  table  and  held  in  position  by  vacuum.  The 
cutter  assembly  would  be  inserted  into  the  ampule 
case,  electrolyte  would  automatically  be  dispensed 
into  the  ampule,  the  lid  would  be  placed  on  top  of 
the  ampule  case,  and  a  die  with  a  mating  projection 
to  the  die  on  the  welding  electrode  would  be 
positioned  to  the  ampule.  The  ampule  assembly  will 
rotate  in  approximately  7  s  to  complete  the  weld. 
The  completed  ampule  would  then  be  ejected  from 
the  table.  The  completed  ampule  assembly  would 
then  be  heated  in  a  1 60-F  chamber  and  observed 
visually  for  leakage  to  determine  weld  integrity. 

IV-2.3  Electrode  Material 

To  supply  the  variety  and  quantity  of  elec¬ 
trodes  required  for  the  aqueous  power  supplies,  a 
continuous  strip  plater  would  be  located  within  the 
PVF.  The  PS1 1 5  power  supply  is  constructed  with  a 
duplex  electrode:  positive  material  (lead  dioxide) 
on  one  side  of  a  thin  steel  plate  and  negative 
material  (lead)  on  the  other  side.  The  PS1 27  power 
supply  is  of  parallel  construction:  the  electrodes  are 
of  two  varieties.  The  positive  electrode  has  lead 
dioxide  on  both  sides  of  its  steel  plate;  the  negative 
electrode  has  lead  on  both  sides  of  its  steel  plate. 
The  plater  required  to  produce  such  material  would 
require  electrical,  water,  and  environmental  serv¬ 
ices.  The  physical  size  of  the  plater  would  be  45  ft 
long  by  1 8  ft  wide,  an  area  of  570  ft1.  Ceiling  height 
would  be  1 6  ft  unless  such  a  height  was  not  avail¬ 
able;  a  lower  height  of  8  ft  would  result  in  increasing 
the  length  to  75  ft  for  a  total  area  of  1350  ft*.  The 
plater  would  consist  of  tanks  arranged  in  series, 
with  rollers  and  guides  arranged  on  top  of  the  tanks. 
Possible  tank  overflow  would  require  that  the  floor 
be  chemically  resistant.  Arranged  along  the  tanks 
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would  be  water  pipes  and  electrical  conduits  The 
electrical  suppl>  would  consist  of  seven  rectifiers, 
the  maximum  requiring  300  A  at  20  V  De»on  zed 
water  equipment  and  holding  and  mixing  tanks 
would  be  located  alongside  the  plater  Spent  solu¬ 
tions  would  require  treatment  before  disposal  to 
meet  environmental  requirements  The  electrode 
material  required  for  manufacture  ot  the  anticipated 
power  supply  quantities  would  range  between  100 
to  1000  It'  lor  t  ich  variety  The*  time  required  to 
produce  Inis  quai  titv  would  be  a  maximum  of 
seven  days  tor  1000  ft**  quantity  After  plating  the 
r*S  ctrg4”  ‘t'atertdi  wu  j‘ti he  dit  into  widths  suitable 
tor  the  dies  used  to  punch  the  dc*c«rode 
cor/  guration 

IV-3.  Thermal  Power  Supplies 
t  V-3. 1  Background  it  HDl 

Themu I  power  supp'ies  have  been  used  in 
mil  tjrv  hardware  tor  about  25  vears  A  signinc  wt 
technological  advance  occurred  when  the  electro¬ 
lyte  and  heat  elements  were  formed  as  pellets 
resulting  m  an  overall  simplification  ot  the  manufac¬ 
turing  process  In  the  more  recent  thermal  power 
supplies,  electrolyte  pellets  and  heat  pellets  ere 
used  in  the  cdl  stack  in  place  of  the  coated  metal 
strip  and  heat  pads  used  in  the  PS1 1 3  power  sup¬ 
plv  The  cell  stac  k  is  thus  an  ordered  arrangement  of 
disk-tv pe  parts  the  timetal  an.KUi.  the  electrolyte 
depolarizer  pellet,  and  the  heat  pellet 

At  this  time.  HDl  intends  to  concentrate  on 
the  use  ot  the  homogeneous  depolarizer-electrolyte 
binder  (DEB)  pellet  and  the  :wo-compo*iee5  5*cj» 
pellet  To  date,  only  one  all-pellet  thermal  power 
suppb  has  l>een  developed  at  HDl.  this  is  tl*e 
PS4 1 3  (PN 1 1 70488).  w hch  operuKr  tor  60  s  in  the 
rar.ge  trom  24  to  30  V  under  a  24-ohm  resistive 
load  Since  it  is  an  existing  amt  with  a  Technical 
Data  Package  (TDP>.  it  will  be  discussed  here  as  a 
working  model  lor  a  prototype  manufacturing  line 


In  connection  with  iliermat  power  supply 
manufacture,  a  number  of  things  must  be 
considered 

First,  some  of  i  te  active  materials  used  m  the 
power  supply  are  highly  moisture  absorbent,  and 
>ome  of  these  are  irreversibly  degraded  by  moisture 
pickup  If  moisture  were  to  be  absorbed  by  these 
materials  before  final  completion  ot  the  power 
supply,  the  power  supply  would  be  useless.  This, 
then,  defines  the  need  for  dryness  of  oil  materials 
i^s'x}  ,whi:i  ^  Ihirmal  power  suppi*  '•nd  *he  need 
for  a  dry-rcom  wodc:ng  area  for  tb.rnal  power 
supplv  assembly  In  thermal  po.ver  sup*Jy  manu¬ 
facture.  therefore,  a  strict  procedure  mj>t  b**  fol¬ 
lowed  to  achieve  maximum  dryness  of  all  materials 
used  within  a  power  suppb  before  it  is  hermetically 
sealed  in  a  metal  can 

Second,  a  number  of  special  materials  are 
used  in  a  thermal  power  supply  which  present 
potential  health  hazards  and  whose  preparations 
require  complex  equipment  and  skilled  personnel. 
These  matenab  are  part  of  the  active  chemical 
svstems  that  make  the  power  supply  work.  The 
anode  material  is  t  thin  film  of  vapor-deposited 
calcium  on  a  thin  metal  substrate.  The  electrolyte  or 
DEB  material  in  this  case  is  a  four-component  mix 
formed  by  a  senes  of  mechanical  and  fusion  opera¬ 
tions  of  the  two  types  of  heat  matenaH  used.  The 
chief  heat  material  is  a  blended  pelletized  two- 
component  powder.  The  other  material  is  a  pyro¬ 
technic  powder  intermixed  with  inorganic  fibers  to 
form  a  paper-like  material.  This  'oaper"  is  cut  into 
narrow  stnps  for  use  as  fuze  trains 

The  remaining  materials — such  as  the  thermal 
«vkI  electrical  insulations,  the  coniair-«.f.  consisting 
of  a  drawn  sted  can  and  !-d  or  header,  with  insu¬ 
lated  terminals,  an  ignition  device,  a  primer  or 
match;  and  leads  to  connect  the  st««ck  to  the  termi¬ 
nals — are  usually  purchased  tn  bulk  or  lot 
quantities 
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The  flow  chart  of  figure  IV- 14  shows  the  flow 
of  materials  and  piece  parts  for  the  fabrication  of 
the  PS413. 

tV-3.2  Preparation  of  Chemically  Active 
Materials 

The  preparation  of  various  chemically  active 
materials  will  now  be  described. 

Anode  Stock. — The  anode  stock  is  the 
calcium-coated  steel  or  nickel  bimetal  strip  stack 
from  which  the  anode  piece  parts  are  punched.  The 
calcium  is  vapor  deposited  upon  the  steel  or  nickel 
strip  material,  which  is  wound  on  a  drum.  During 
coating,  the  drum  is  in  a  vacuum  chamber  with  an 
induction-heated  crucible,  containing  calcium 
metal,  running  along  the  bottom  of  the  chamber 
paralleling  the  drum.  As  the  drum  is  rotated,  the 
calcium  evaporates  from  the  crucibles  and  con¬ 
denses  on  the  steel  strip.  The  thickness  of  the 
calcium  coating  on  the  steel  is  determined  by  the 
total  exposure  time  and  the  rate  at  which  the 
calcium  evaporates.  The  length  of  the  winding 
depends  on  the  width  of  the  strip  stock  being  used. 
This  is  a  batch  process,  requiring  specialized  equip¬ 
ment,  skilled  personnel,  and  dry-room  work  space. 
The  complete  process  is  outlined  by  the  block 
di^g.am  in  figure  IV-15.  As  visualized  at  this  time, 
the  bimetal  facility  would  be  installed  in  the  dry 
room  of  the  Power  Supply  Branch. 

Depolarizer-Electrolyte  Binder  (DEB 
Powder). — This  binder  is  the  most  complex  of  the 
chemically  active  materials  in  the  thermal  battery. 
Preparing  the  DEB  powder  includes  weighing  out 
the  materials;  fusing  the  materials;  granulation,  siev¬ 
ing,  or  classification  of  the  fused  materials;  and 
pressing  the  final  powder  into  pellets.  Since  the 
material  is  very  dusty,  controlling  this  dust  requires 
good  housekeeping  techniques.  The  block  diagram, 
figure  IV- 16,  shows  the  manufacture  of  the  DEB 
pellet. 

Iron  Powder-Potassium  Perchlorate  Heat 
Powder  —This  material  is  a  blend  of  special  iron 
powder,  such  as  Pfizer  NX  1000  and  Exide  "Edi¬ 
son"  iron  with  finely  ground  potassium  perchlorate. 


Figure  IV-14.  Thermal  battery  assembly. 
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The  weighed  amounts  of  atomized  perchlo¬ 
rate  and  iron  oowdcr  are  blended,  and  a  smear  test 
is  used  as  the  v  isual  test  for  uniformity  of  mix  The 
blended  material  is  stored  until  ready  for  use  Sev  - 
era  I  tests,  however,  are  mvJe  to  check  the  ma'enal. 
pellets  are  made  to  measuie  ignition  sensitivity  and 
burning  rat  ,  a-vJ  a  caiorirxinc  test  ot  a  given 
weight  ot  .he  mix  is  also  made  t«»  veufy  its  heat 
content 

Hojt  Piper  to  Tu*e  Train  — Heat  paper  is 
used  as  tlie  lose  tram  .»  tne  „m'..  a  s\sterti  to 
ensure  that  all  the  heat  pellet*  of  the  cell  stack 
ignite  The  matcnai  consists  of  a  mixture  of  fine 
zirconium  metal  and  barium  chromate  powder, 
intimately  mixed  with  glass  microfibers,  fiberfrax. 
and  asbestos  fibers  It  can  be  made  as  required  and, 
it  the  amount  «»sed  is  relatively  small,  it  may  be 
made  on  a  laboratorv  sheet  mold  Burning  rate  and 
ignition  sensiliviiv  tests  are  sufticient  to  venlv  its 
usefulness 
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Figure  IV-16.  Depolarizer  eleclrolyte  binder. 

Its  manufacture  msohes  blending  or  mixing  In  the 
P$4 1 3.  this  heat  powder  consists  of  86-perccnt  ircm 
powder  and  1 4  percent  potassium  pert  hloraie 


Igniter  or  Ekx  ,nc  Match  —The  PS4 1 3  uses  an 
electric  match  to  ignite  the  power  supp!>.  The 
match  is  a  welded  bridge  match  with  a  bridge 
resistance  of  1.3  a-  0-<  ohms  This  item  is  used  in 
several  power  supplies  and  can  be  bought  in  rela- 
tivelv  large  quantities  There  is.  however,  another 
cheaper  version,  it  has  been  used  as  a  soldered 
budge  and  can  be  used  for  experimental  as  well  as 
routine  text  power  supplies  The  bare  match  can  be 
purchased,  and  short  ribbon  leads  ot  steel  or  nickel 
can  be*  spot-welded  to  the  match  tabs  for  su!>xe- 
qoent  connection  to  the  power  supply  terminals 

The  Can  and  Lid  — The  PS4 1 3  can  t$  a  drawn 
steel  can  and  is  purchased  commercially  It  mea¬ 
sures  2  160  I  D  and  1  625  in  high,  with  a  wall 
thickness  of  0  035  in  and  a  bottom  thickness  oi 
0  075  in  Cans  are  ordered  in  quantity,  and  for 
small  production  runs  the  entire  order  is  placed 


immediately  when  work  is  started  on  the  power 
supply  The  PS4 1 3  lid  has  been  purchased  in  two 
steps  A  metal  faoricator  supplies  the  lid  blanks — a 
disk  of  2.1b  in  diameter  .vith  f'our  0  161-in  dia  ne- 
ter  holes  and  an  indent  near  the  edge  for  subse¬ 
quent  heliarc  vs  elding  The  lid  or  cover  blank  is  sent 
to  another  specialist  fmn  for  installation  of  the  glass 
terminal  seals  and  the  insulated  wire  leads  Some 
terminal  seal  fabricators  will  also  fabricate  the  metal 
piece  The  purchaser  of  both  the  can  and  the  lid  e'lll 
bear  iKT  Vi  sf  .  0:is  fo"  purchase 

Thermal  and  Electrical  Insulation  — Usually, 
the  thermal  insulation  in  the*  thermal  power  supply 
can  also  act  as  the  electrical  insulation  The  materi¬ 
als  used  are  cloths  or  papers  made  of  inorganic 
libers  and  phlogopite  mica  The  asbestos  | vapors 
come  m  various  thicknesses  quantities  and  arc 
easily  made*  b\  punc  hing  them  into  cutter  disks  o; 
other  shapes  A  problem  for  people  who  make 
asbestos  parts  is  the  danger  of  their  breathing  asbes¬ 
tos  dust  The  light  fibers  and  dust  mav  become 
airborne  and  become  air  pollutants  Some  thermal 
power  supply  manufacturers  are  now  ordering 
these  punched  parts  from  specialty  suppliers  who 
presumably  have  adequately  protected  their  per¬ 
sonnel  from  the  Oust 

The  aslH*stc*s  papers  contain  organic  binders 
so  thev  mav  be  handled  withojt  tearing  Organic 
materials  will  break  down  in  an  activated  thermal 
power  supply  generating  gas,  developing  high 
pressures  and  causing  undesired  chemical  reac¬ 
tions  Therefore  the  piece  parts  ot  asbestos  land 
liherfrax*  are  oven  baked  at  >000  F  tor  30  minutes 
to  drive  ott  such  hinders  Fibertrax  paper,  more 
flultv  m  asbestos  «s  used  as  stack-w rapping  ma¬ 
terial  Sue  a  is  used  to  protect  leads  irom  \erx  hot  or 
burning  surfaces  and  since  it  is  an  impervious 
material,  it  will  also  protect  leads  trom  the  possible 
flow  ot  liquefied  electrolyte  It  also  provides  a  vapor 
barrier  around  terminal  seals  to  prevent  vapor 
formed  m  the  power  supply  from  reaching  cooler 
lid  surfaces,  condensing,  bridging  the  glass  seal 
insulation  and  shorting  the  leads  to  the  can  Mica, 
wmch  is  expensive,  is  generally  bought  from  suppli¬ 
ers  who  fabric a'e  the  piece  parts  Adhesive  and 
nonadhesive  woven  glass  tape  is  used  to  maintain 


the-  stack  structure  integrity  bv  a  tight  wrapping  o< 
the  insulations  against  the  stack  The  assembled 
stack,  with  the  cells  in  the  center  and  each  end  built 
up  with  extra  heat  pellets  and  end  insulators,  is  held 
under  pressure  in  a  press  while  the  wraparound  and 
lead  insulators  are  applied  Narrow  glass  tape  is 
wrapped  tightly  over  the-  insulators  and  adhesive  is 
used  to  p* event  unraveling 

End  Collector  Plates  and  Leads  — The  eno 
collector  pht's  a  ?  d  svs  cf  0  0’Jf-.r*  lO  1 270  n.m 
steel  with  a  ribbon  iron  lead  welded  to  them  The 
bimetal  plates  are  punched  from  0  005-ir.  strip 
stack  using  the  ram  dies  There  are  two  such  plates 
to  each  battery,  one  at  each  end  of  the  stack  These 
plates  brine,  the  electrical  energy  out  of  the  stack 

The  internal  power  supply  leads  are  made 
from  the  same  material  It  is  purchased  as  narrow 
strip  stock  and  cut  to  the  desired  lengths 

Parts  Fabrication,  Subassemblies,  and  Etna1 
AssembU  —  Thermal  power  supplies  have  alwavs 
been  basically  hand-as>embled  items,  and  they 
have  been  hand  assembled  because  of  their  low 
procurement  level  Large  procurements  would 
make  it  economically  feasible  to  mechanize  the 
battery  assembly  For  instance,  both  the  OE8  and 
heat  pellets  can  be  made  on  an  automatic  press  ( 1 4 
per  minute)  But  each  type  of  pellet  is  collected  and 
individually  weighed  on  an  automatic  laboratory 
balance  -nd  sorted  according  to  the  weight  range 
Each  cell  stack  is  built  up  of  hand -transferred  parts 
on  an  assembly  |ig.  The  correct  number  of  piece 
parts  is  controlled  by  laving  ojt  each  type  of  part  on 
designated  spots  on  a  control  card.  The  slock  is 
then  a>sembled  bv  taking  the  pieces  from  the  card 
m  consecutive  orde 

Figure  IV- 1 4  shows  the  movement  of  material 
and  the  operations  inv  olved  After  the  v  anous  piece 
parts  have  been  purchased,  made,  and  assembled, 
the  power  supplv  manufacture  involves  the  fabrica¬ 
tion  of  a  number  of  subassemblies — ideally  simulta¬ 
neously — which  are  then  combined  into  the  power 
supply  The  subassemblies  are  the  cell  stack,  with 
associated  wraparound  insulators  and  fuze  tram, 
the  lid  assembly;  the  insulated  can  assembly,  and 


the  match  with  led  (is  from  figure  IV-14,  one  can 
see  that  the  vacuum  drying  and  firing  (baking) 
operations  are  frequent 

The  following  piece  parts  would  be  made  in 
house  with  tooimg  on  hand  Dies  would  hav  e  to  be 
fabricated  for  the  pellet  press  and  punch  press. 


Item 

Stack  material 

No./power 

supply 

Tool 

Anodes 

Bmrul  ' pur¬ 
chased  > 

11 

Dies  and 
punch  press 

OtB  peBrts 

0(8  powder 

II 

Dies  and 
peBet  press 

Heat  peflets 

F(  heal  povsder 

8 

P-es  and 
peflrl  press 

Fuze  tiw 

Zt  heat  paper 
slum 

t 

Sheet  mold 

The*  building  ot  between  500  to  5000  power 
supplier  requires  scheduling  the*  purchase  of  those 
materials  and  items  obtainable  from  outside  Mjppli 
ers.  in  hoese  preparations  of  materials  and  subas¬ 
semblies.  sufficient  work  space  and  storage  space 
tor  those  materials  and  items  awaiting  further  oper 
a  I  «>ns.  and  wise  use  ol  available  personnel 

IV-3.3  Support 

Items  ot  support  tor  the  Power  Supp!>  PVf 
inc  lude  materials,  people,  and  equipment 

\fjterul<  —  Tvptcailv.  items  such  as  the  IkK 
and  mica  require  irom  (>  to  7  weeks  lead  time  Lead 
times  tor  manv  of  these*  special  materials  varv 
grea'lv  with  the  general  economv  and  with  specific 
conditions  ot  supply  -»nd  demand  However,  the* 
entire  quantity  of  DEB  pc  vder  and  heat  powder  for 
a  lot  run  mav  be  prepared  at  the  beginning,  checked 
out.  pelleti/ed.  and  stored  in  sealed  containers  until 
needed 

The  number  of  people  required  at  any  one 
time  can  be*  kept  low  if  material  availabilit>  permits 
optimum  scheduling  of  the  work  The  same  opera¬ 
tors  who  assemble  stacks  (which  takes  10  minutes) 
can  aho  line  cans,  assemble  lids,  etc  The  heliarc 
welding  operations  to  seal  the  po..t*r  supplv  will 
require  a  skilled  operator  One  prison  can  prepare 


the  two  powders,  but  it  would  be  better  to  have  at 
least  two  people  knowledgable  in  the  operation*. 
Pellet  and  punch-press  operations  can  be  handled 
by  one  operator.  Chemical  and  o'her  tests  on  the 
electrolyte  and  heat  powders  can  be  performed  by 
chemical  laboratory  personnel. 

The  accompanying  equipment  lists  show  that 
much  of  the  equipment  presently  on  hand  is  appli¬ 
cable  to  lire  proposed  activity  punch  press,  hy¬ 
draulic  press,  peilet  press,  spot  welder,  etc  Most  of 
the  required  new  equipment  relates  to  the  powder 
preparations  an  oven,  blenders,  granulators,  etc. 
However,  at  least  one  large  vacuum  oven  will  be 
needed  to  accommodate  the  greatly  increased  vol¬ 
ume  of  material  to  be  vacuum  dried  at  one  time 

One  area  of  concern  that  has  been  mentioned 
previously  involves  dust  control  Dusts  are  gener¬ 
ated  m  both  the  powder  preparation  and  at  the 
pellet  press  The  calcium  chromate  contained  in  the 
electrolyte  dust  is  considered  carcinogenic  and 
must  be  contained  within  a  closed  system  at  all 
times  The  thermal  power  supplv  industry  is  now 
working  on  this  problem,  but  at  the  present  time  has 
not  developed  an  entirely  satisfactory  solution 


On-  room  — The  equipment  and  materials 
needed  for  a  drv  room  are  I  sted  below. 

Equipment 

Stokes  granulator.  Model  43 
Twin  shell  blender 
Microalomizer,  tvpe  5MA 
Burning  rate  test  equipment 
Ignition  sensitivity  test  equipment 
Fusion  over  blue  MO  D  20 
Fused-quartz  irays 
Small  muller,  Simpson 
Vacuum  oven.  Stokes,  Model  1 38D 
Bi  metal  deposition 
Degreaser 

Tooling  dies  for  pellet 
press  stacking 
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IV-4.  Air-Driven  Power  Supplies 
!V-4.  1  Background  md  Introduction 

The  current  air-driven  power  supplies  being 
developed  for  electronic  fuzes  are  small  as>emblies 
of  mechanical  and  electromechanical  components, 
designed  for  eventual  high -volume,  low-cost 
production  The  units  are  generally  less  than 
1  73  m  t-44  mmi  in  any  dimension,  may  be 
produced  in  a  volume  of  more  than  50,000  per 
month,  and  cost  from  SI  00  to  S3  00  each  Hrgh- 
volume  production  oi  these  units  must  use  fabrica¬ 
tion  techniques  such  as  stamping,  casting,  sintering, 
and  molding  in  combination  with  mechanized 
assembly  and  testing  in  order  to  meet  the  hrgh- 
volume.  low-cost  goals 

Currently,  two  basic  types  of  air-driven  power 
supplies  lend  themselves  to  high-producPon  proto¬ 
type  validation  One  device  is  a  lurbine/alternator 
(T/A)  for  the*  XM734  multi-option  mortar  fuze, 
.urrenilv  in  advanced  engineering  development 
.see  fig  IV- 1 7)  The  other  device  is  a  fluidic  genera¬ 
tor  being  developed  tor  use  with  a  2  75-m  rocket 
fuzetsoehg  IV- 181  This  device  is  in  the  intermedi¬ 
ate  stages  of  development  Each  tv  pc  of  device 
contains  an  electromagnetic  circuit  and  a  means  for 
modulating  the  circuit,  which  depends  on  in-flight 
ram-air  flow  through  (he  unit 

In  the  case  oi  the  T/A  ram  air  enters  the 
devict  through  an  intake  at  the  projectile  nose  and 
is  directed  toward  a  turbine  The  kinetic  energv  of 
the  air  is  converted  bv  the  luibme  to  mechamcal- 
rotalional  energv,  the  exhaust  air  is  then  expelled 
through  slots  umtormlv  spaced  around  the  circum¬ 
ference  of  the  luze  ogive  The  rotational  motion  of 
the  turbine  is  transterred  to  a  cvlindocal  permanent 
magnet  rotor  by  a  concentric  shaft  The  rotor  turns 
between  the  poles  ot  a  magnetic  stator  and  induces 
an  dcctromo'ive  force  (emi)  in  the  armature 
windings 

for  the  fluidic  generator  (fig  IV- 181.  ram  air 
flows  through  the  generator  nozzle  and  passes  into 
a  cavitv,  causing  oscillations  in  the  cavtlv  which 
induce  a  mechanical  vibration  in  a  metal  diaphragm 


at  the  rear  of  the  cavity  The  vibrating  diaphragm 
changes  the  flux  permeance  of  a  magnetic  circuit, 
thus  generating  an  ac  signal  in  the  coil  windings  of 
the  circuit 
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figure  IV-17.  Turbine  alternator  for  XM  734  multi¬ 
option  mortar  fuze. 


sensor. 

Since  the  two  types  of  devices  are  similar, 
assem.'ly  and  testing  of  both  types  would  use  simi¬ 
lar  procedures,  thus,  much  of  the  same  type  of 
assembly  and  test  equipment  would  be  used  for 
validating  high  production  assembly  procedures  for 
both  devices 


/  V-4.2  Equipment  Description 

Required  equipment  to  assemble  the  air- 
dnven  power  supplies  would  be  composed  of  one 
synchronous  assembly  machine*  and  three  non- 
sync  hronous  assembly  stations  This  equipment 
would  allow  for  validating  individual  assemblies 
and  would  assist  in  determining  the  most  cost- 
effective  assembly  layout  required  for  implement¬ 
ing  an  automated  assembly  of  an  air-dnven  power 
supply  The  optimum  layout  would  consist  of 
stnctlv  synchronous,  nonsync  hronous.  or  a  combi¬ 
nation  of  tl  e  tw  o  tvp«  of  equipment 

Production  assembly  processes  that  might  be* 
followed  for  final  assembly  of  T/A's  and  fluidic 
generators  are  given  in  two  process  flow  charts, 
figures  IV- 1 9  and  -20  The  feasibility  of  the 
production  and  pr<xt?ss  concepts  given  on  the 
charts  has  net  been  verified  to  date  They  reflect 
assemblv  procedures  that  would  be  required  for  the* 
power  supplies  in  then  current  state’s  of 
de*ve*lopme*nt 

The  current  T/A  has  been  de*signed  to  be 
amenable  to  high-volume  production  The  flow 
chart  tor  this  design  is  therefore  quite  reprersentative 
of  advanced  engineering  planning  Assemblv  of  this 
type  of  power  supplv  will  be  discussed  in  detai* 
station  by  station  as  described  in  apoendix  IV-A 

The  assemblv  equipment  discussed  here  is 
nonsvnc hronous  A  system  employing  this  type  of 
equipment  consists  of  a  series  of  assembly  stations 
Part  transfer  between  machines  would  be  per¬ 
formed  bv  an  operator  This  type  of  system  allows 
each  station  to  work  independently,  at  its  optimum 
cv  derate 


Figure  IV-19.  Turbine  alternator  process  flow  chart. 


A  typical  flow  chart  of  assembly  stations  to  figure  iv-20.  Fiuidic  generator  process  flow  chart, 

implement  the  mechanized  assembly  of  the  current 
low-cost  T/A  for  the  XM734  fuze  is  described  m 

appendix  IV-A  and  m  figures  IV-2 1  and  -22  The  use  of  toolable  assembly  stations,  which 

permits  individual  development  of  assembly  s*a- 
Componer.ts  of  the  facility  used  for  assem-  tions,  creates  a  need  for  only  orv*  or  two  assembly 

blmg  T/A-type  power  supplies  could  be  retooled  machine's  to  validate  all  the  assembly  operations 

and  employed  in  assembling  fluidic  generator-type  Each  individual  operation  could  be  dev  eloped,  de- 
pow  er  supplies  bugged,  and  optimized  station  by  station. 
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Figure  IV-21.  Bobbin  assembly. 


Figure  IV-22.  Turbine  alternator  assembly. 


Appendix  IV-A. — Production-line  Handling  Methods 


IV-A.1  Aqueous  Power  Supplies 
IV- A.  7. 1  Sequence  of  Operation 

A  description  of  the  station  sequence  of  as¬ 
sembling  aqueous  power  supplies  follows 

1  The  weight  is  transported,  by  vibratory 
bowl  feeding,  to  an  escapement  which  drops  an 
individual  weight  into  an  await.ng  workholdcr ,  con¬ 
tained  in  a  six-station,  intermittent- motion  dial 

2  The  dial  then  conveys  the  weight  to  the 
cartndge  placement  station.  The  cartndge  assembly 
consists  of  an  inner  cup,  a  wad  of  polypropylene 


fiber,  and  an  outer  cup.  The  cartridge  cuos  will  be 
fabricated  in  house  with  forming  and  blanking  of 
these  parts,  from  coil  stock,  taking  place  in 
progressive  dies  at  a  rate  of  100  parts  per  minute 
Two  die  sets  will  be  required,  one  each  for  the  inner 
and  outer  cups  The  die  sets  will  be  individually 
operated  bv  an  in-house  30-ton  Minster  press 
Following  blanking,  both  inner  and  outer  cartridge 
cups  will  be  vapor  degreased  to  remove  die  lubn- 
cants  to  assure  maximum  cleanliness  Polypropy¬ 
lene  fiber  will  be  purchased  in  mat  form  Because  of 
the  recuperative  properties  of  polypropylene  fiber 
following  blanking,  it  is  imperative  that  this  material 
be  contained  until  it  is  encapsulated  between  the 
two  cups  Cartridge  assembly  is  performed  in  a 
vertical,  four-station,  intermittent  motion  dial. 
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3  The  dial  ihen  indexes,  conveying  the 
weight  and  its  cartridge  assembly  to  the  ampule  can 
placement  station 

4  An  ampule  can  from  a  vibratory  bowl  is 
transported  fflange  downt  to  an  escapement  which 
drops  it  over  the  awaiting  weight  The  ampule  can 
will  be  fabricated  in  house  in  progressive  forming 
and  blanking  at  a  rate  of  tOO  part*  per  minute  The 
ampule  can  die  set  will  be  operated,  interchange¬ 
ably,  in  the  same  press  used  for  production  of 
cartridge  cups.  To  assure  optimum  cleanliness,  am¬ 
pule  cans  will  be*  vapor  degreased,  to  remove  die 
lubricants,  immediatelv  follow  mg  blanking 

3  The*  dial  indexes  the  antpu'e  can  assembly 
to  the  ejection  station  During  indexing,  a  pm  in  the 
bottom  of  the  dial  s  workholder  ram  the  assembly 
for  ejection 

(,  The  ampule  can  assembly,  ejected  to  an 
inverting  track,  is  ejected  to  an  accumulation  dial 
During  ns  travel  through  this  track,  tue  ampule  can 
asscmblv  is  inverted  iflange  now  up  ).  and  its 
contained  cartridge  assemble  moves  smoothly  to 
the  ampule  can  bottom  At  this  juncture,  the  PVF 
will  use*  tote  travs  instead  of  a  convevor  system  to 
transport  the*  items  to  the  individual  stations  for 
completion  ol  assemble  and  sealing  of  the  ampule 

7  At  the*  methvlene  bromide  injection  sta¬ 
tion,  a  vacuum  is  pulled  on  the  ampule  can  interior, 
and  the  methvlene  bromide  is  injected  into  the 
awaiting  ampule  assemble,  with  a  metering  pump 
controlling  the  volume 

8  At  the  cutler  assemble  station,  a  cutler 
assemble  is  transported  to  ««n  escapement  be  a 
viLratorv  bowl  and  is  dropped  into  an  awaiting 
ampule  can  assemble  The  c utter  s  design  renders  it 
prone  to  interlocking  |ams  during  \ ibratorv  convex  - 
ance  This  problem  will  have  to  be  resolved  in  the 
PVF 

9  At  the  Ouobooc  acid  injection  station,  a 
dispensing  nozzle  advances  and  lowers  the  ampule 
can  The  electrolyte  is  injected  into  the  ampule  can 
assemblv  with  a  metering  pump  that  controls  vol¬ 


ume  A  lead  is  *  by  hand  onto  the  ampule  and 
clamped  until  thea..ij>ule  is  welded 

1 0  The  diaphragm  will  be  fabricated  in  house 
from  raw  materials  Coil  stock  will  be  fed  through  <. 
strip  degreaser  to  assure  component  cleanliness, 
then  blanked  into  storage  tubes  A  4-ton  hydraulic 
press  will  be  used  in  conjunction  with  a  2-on  die 
set,  operating  lubricant  free  Total  output  antici¬ 
pated.  is  200  parts  per  minute  (press  speed  100 
strokes  per  minute) 

1 1  Upon  arrival  at  the  welding  station,  a 
stepping  .rotor  engages  the  workholder  rotation 
gear  The  workholder  rotates,  TIG  welding  is  acti¬ 
vated,  the  diaphragm  is  welded  to  the  ampule  can 
flange  around  the  entire  circumference  with  over¬ 
lap  as  required  When  TIG  welding  deactivates,  the 
stepping  motor  disengages  and  the  rotating  work- 
holder  deactivates . 

12  The  ampere  assemblies  will  now  be 
placed  in  an  oven  on  acid-detectmg  paper  and 
heated  to  200  F  for  24  hours,  at  the  end  of  which 
time  defective  units  will  be  noted.  Weights  and 
cutter  assemblies  will  be  salvaged  before  the  am¬ 
pules  are  discarded 

IV ~ A.  1.2  Cartridge  Assembly 
(fig.  IV-A-1  and  -  2) 

An  inner  cup  from  a  vibratory  bowl  is  lightly 
pressed  into  an  awaiting  hold  in  the  vertical  dial  by 
a  placement  punch  The  inner  cup  placement 
punch  retracts,  the  vertical  dial  indexes,  conveying 
the  inner  cup  to  the  polypropylene  fiber  placement 
station  Then  iIk?  polypropylene  fiber,  either  auto¬ 
matically  or  manually  fed.  is  blanked  through  a  die 
and  placed  in  the  hole  in  the  vertical  hole  on  lop  of 
the  inner  cup,  the  polypropylene  fiber  blanking 
punch  retracts,  and  the  vertical  dial  indexes,  con¬ 
veying  the  inner  cup  and  polypropylene  fiber  to  the 
outer  cup  placement  station.  An  outer  cup  from  a 
vibrators-  bowl  is  lightly  pressed  and  inverted  into 
the  counterbored  dial  hole  containing  the  previ¬ 
ously  placed  polypropylene  fiber  and  inner  cup  and 
outer  cup  The  outer  cup  placement  punch  retracts 
The  dial-mounted  assembly  punch  retracts  to  its 
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point  of  origin  The  vertical  dial  indexes,  conveying 
the  assemblv  to  the  cartncge  assembly  placement 
station  The  assembly  punch  in  the  vertical  dial 
advances,  press«ng  the  cartridge  assemble  through 
a  sizing  die  and  into  the  weight  in  the  horizontal 
dial 

IV- A.  1.3  Culler  Assembly  (fig.  IV -5  through 
IV-7.  main  report) 

The  sequence  for  cutter  assemble  follows 

1  Three  pickup  pins,  mounted  m  vvorkhold- 
ers  in  the  intermittent  dial,  raise  and  engage  tnree 
holes  in  the  cutter  plate  stock  web 

2  The  cutter  plate  is  blanked  and  the  pickup 
pins  retracting  in  unison  with  the  blanking  die  set, 
position  the  cutler  plate  on  the  dial  vvorkholder 


T  The  die  set  retracts 

4  The  intermittent  dial  indexes,  transporting 
a  cutter  plate  to  station  2,  the  cutter  plate  placement 
position  The  cutler  plate  stock  web  advances 

5  At  station  2,  a  cutter  blade  from  a  vibra¬ 
tory  bowl  is  placed  on  the  awaiting  cutter  plate 
hinge  and  crimped  in  position 

6  Placement  is  performed  bv  "pick-and- 
place  equipment  which  in  the  PVF  application 
w  outd  likely  be  done  bv  hand 

7  With  the  intermittent  dial  stationary,  the 
dial  vvorkholder  indexes  1 20  deg 

8  Repeat  step  5 
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Figure  IV-A-2.  Polypropylene  fiber  insertion. 

9  Repeat  step  6 

1 0  Repeat  step  7 

1 1  Repeat  step  5 

12  The  intermittent  dial  indexes,  conveying 
the  cutter  assembly  to  station  3 

1 3  At  station  3,  a  compression  mandrel  low¬ 
ers,  retaining  the  cutter  assemWy  under  compres¬ 
sion  on  the  dial  \\  or V. holder 

14  The  cutler  plate  hinge-forming  jujnrh 
raises  from  the  dial  workholder.  forming  the  three 
cutter  blade  retaining  hinges  of  the  cutter  pL:e  (fig 
IV-8,  mam  report! 


IN  WEfrnf 

Shc.VN  IS  PROPOSE 0  METHOD  Of  IMPARTING 
ADVANCE  AND  RETRACT  MOTON  TO  TWO  (2) 
PUNCHES.  HA«KG  DEFERENT  STROKES 
UuUNTED  ss  AN  A.tRVITTENT  MOT  ON  DIAL 
PUNCH  MOTCNS  TKANS^AE  9  UR  AG  OlAL  S 
"DWELL  CYCLE 


1 5  The  compression  mandrel  retracts 

T6  The  culler  plate  hinge-forming  punch 
retracts 

1 7  The  intermittent  dial  indexes  to  station  4 


IV- A.  1.4  Electrode  And  Ampule  Assembly  line 
(fig.  IV- 7,  -9,  - 10,  mam  Chapter) 


At  station  1,  the  insulator  (fig  IV-  Displaced  in 
the  work  holder  bv  an  automatic  placing  mecha¬ 
nism  In  the  following  assembly  procedures  all 
fabricated  parts  exceot  the  seauencer  and  the 


ampule  assembly,  will  be  supplied  to  the  placing 
mechanisms  from  magazines 

At  station  2.  the  bottom  plate  is  automatically 
placed  in  the  workholder  for  production 

At  s’ation  3,  seven  stacking  mechanisms  will 
be  used  Each  mechanism  will  alternately  place  20 
separators  and  plates  For  the  PVF,  one  mechanism 
will  be  used 

At  station  4,  the  sequence*  is  placed  onto  the 
stacks  This  will  be  done  bv  a  vibratory  bow!  feeder 
and  automatic  placing  mechanism 

At  station  5.  the  seal  ring  is  automatically 
placer!  on  top  of  the  sequencer 

At  station  6,  the  ampule  assembly  will  be 
placed  automatically  Ampule  assemblies  will  be 
supplied  on  trays  and  fed  into  the  placing  mecha¬ 
nism  bva  vibrator 

At  station  7.  a  compression  guard,  *  ?d  by  a 
vibratory  bowl,  will  be  placed  onto  the  .wembly 
This  reusable  guard  will  protect  the  edge  of  the 
ampule  as  well  as  provide  even  force  distr  button 
dunrg  compression 

Station  8  will  not  be  used  for  the  PVF  In  the 
produf  '.on  line,  this  is  an  inspection  station  where 
auton  tn  equipment  checks  the  proper  placement 
ol  sequencer,  seal  ring,  ampule,  and  compression 
guard 

IV-A.  1.5  Compression  And  Heat  Se.'l  (fig.  !V-9, 
1 1,  main  Chapter) 

The  compression  and  heat  seal  operations 
follow 

1  A  ram  lowers  and  cocks  the  spring  in  the 
workholder,  applying  250  lb  of  pressure  on  the 
electrode  and  ampule  assembly 

2  The  induction  coils  lower,  heat  the  assem¬ 
bly  to  300  F.  and  retract 


3  Two  locking  dogs  are  advanced  onto  the 
unit  compression  guard 

4  After  the  locking  dogs  are  in  place,  the  ram 
retracts  This  completes  the  cvcle,  and  the  work- 
holder  is  removed 

At  station  10,  the  workholders  are  passed 
through  a  cooling  tunnel 

At  station  1 1 ,  electrode  and  ampule  assem¬ 
blies  are  removed  and  the  workholders  are  reset  for 
recycling  through  the  system  The  unloaded  assem¬ 
blies  wii:  be  visually  inspected  and  manually  trans¬ 
ferred  to  station  1 2 

IV-A.2  Air-Driven  Power  Supplies 

IV-A.2.1  Mechanized  Assembly  ( Turbine / 
Alternator 

The  shaft  and  magnet  assembly  would  be 
performed  in  an  injection-molding  machine  A  shaft 
would  be  positioned  within  the  center  hole  of  a 
magnet,  and  the  plastic  molding  compound  would 
be  injected  between  she  shatt  and  the  magnet 

The  coil  assembly  would  consist  of  sequen¬ 
tially  assembling  the  fol'owing  parts  bobbin,  con¬ 
tacts,  and  wire  After  a  check  to  ensure  that  the 
assembly  is  complete,  the  unit  would  be  removed 
from  the  coil  as^emblv  machine  and  carried  to  the 
final  assembly  machine  The  stanon-by-stalion  final 
assembly  operations  are  detailed  as  follows 

Station  ! — Feed  bobbin,  orient,  pick  up,  and 
place  m  nest  on  jJallet 

Station  2—  Feed  contact,  orient,  pick  up,  and 
place  over  ports  on  bobbin,  heat  stake  ports. 

Station  3— Same  as  station  2.  except  contact  is 
placed  at  second  contact  location 

Station  4 — Wrap  one  end  of  wire  to  one 
contact,  wind  required  number  of  turns  around 


bobbin,  and  attach  other  end  of  wire  to  other 
contact 

Station  5— Sense  presence  of  parts  bv  conti¬ 
nuity  check,  lift  assembly  from  pallet,  and  dischaige 
into  container 

The  following  parts  are  sequentially  as  am¬ 
bled  to  make  the  basic  turbme/alternator  asse  nbly 
housing,  bearing,  coil  assemblv.  shaft  and  magnet 
« ,sembl».  Ixvmng.  and  end  plate  After  a  check  to 
ensure  that  the  assemblv  is  complete,  the  housing  is 
crimped  to  complete  the  assembly  The  itrbme  is 
then  press-fit  on  the  alternator  shaft,  and  the  T/A  is 
functionally  tester!  The  unit  is  then  dega  5Ss«*d.  if 
required,  to  assure  proper  operatin'-,  The  station- 
bv-stalion  assembly  ojx*ra**ons  ar«*  detailed  as 
follows 

Station  / — Feed  housing,  orient  pick  up  and 
psace  m  next  position  on  pallet 

Statior.  2—  Feed  a  bearing,  pick  up,  and  place 
in  boss  -n  houMr-g 


Station  3— Feed  coil  assembly,  orient,  pick  up, 
and  place  m  housing 

Station  4— Feed  shaft  and  magnet  assembly, 
pick  up,  and  okice  in  bearing  in  housing 

Station  5— Feed  bearing,  pick  up,  and  place 
on  front  erd  of  shaft 

Sta'ion  6 — Feed  end  plate,  orient  pick  up,  and 
place  over  bearing  and  into  housing 

Station  7 — Sense  tor  presence  of  housing, 
bobbin,  shaft,  and  t-nd  plate 

Station  8 — Crimp  er«d  plate  to  housing 

Station  9 — Feed  turbine,  orient,  pick  up,  aiid 
press  onto  shaft 

Station  10 — Test  and  degauss  T/A  assembly. 

Station  11— Remove  T/A  assemblv  from  pal¬ 
let  and  relocate  m  compartment  trays  on  an  X-Y 
indexing  container 
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Chapter  V.— Printed- Wiring  Board  Fabrication 
by  Ira  Marcus 


V-1.  Introduc'lon 

A  survey  of  the  fuze  designers  at  HDL  and  a 
study  of  published  articles  concerning  circuit  fabri- 
•on  techniques  of  the  future  indicate  that  the 
,  -ited-wuing  bc-rd  (PWB)  will  continue  to  be  a 
major  component  m  the  construction  of  commer¬ 
cial  and  military  electronics  The  reasons  for  this 
follow  (Pertinent  literature  :s  listed  m  the  Selected 
Bibl'Ography  at  the  end  of  this  Chapter  l 

1  tow  cost  PWBs  are  rclaliv eh  inexpensive 
To  a  Urge  degree,  board  cost  is  related  to  area  In 
fuzing  applications  the  areas  of  the  patterns  are 
sma'i  in  mortar  and  artillery  applications,  they 
range  from  less  than  1  in  *  to  5  in  *  Nevertheless, 
the  fuze  boards  are  produced  in  large  quantities  by 
the  processing  ot  arras s  of  individual  boards  on 
large  sheets— the  boards  are  cut  apart  and  are  easily 
shaped  to  the  irregular  geometry  of  fuzing  applica¬ 
tions  An  additional  advantage  is  that  thev  do  not 
use  precious  metals 

2  Ruggedness.  PWBs  have  successful  been 
used  in  mortars  and  in  artillery  and  ground  equip¬ 
ment  under  the  most  severe  circumstances  of 
shock,  vibration,  and  temperatu'e  extremes  They 
can  accommodate  all  anticipated  luzmg 
applications 

3  Greater  use  As  applicat-ons  become  in¬ 
creasingly  complex  ami  the  technology  of  multi¬ 
layer  PWBs  matures,  we  can  expect  greater  use  of 
small  multilayer  boards  in  low-cost,  high-volume 
ordnam.  e  elect  ronics 

4  Versatility  PWB  construction  techniques 
are  *dcal  for  the  small  size  of  proximity  fuze  anten¬ 
nas  ano  rf  stnpline  circuitry  Use  of  the  PWB  proc¬ 
ess  fu  these  applications,  however,  requires 
greater  precision  and  more  refined  processing  con¬ 
trol  thar.  normally  needed  to  fabricate  PWBs  for 
interconifection  At  high  frequencie*.  PWB  tech¬ 
niques  also  permit  tabncation  of  capacitors  and 


inductors  in  addition  to  the  simple  conductor 
pattern 

Where  space  is  severely  restricted,  thick  and 
thin  film  fabrication  techniques  offer  some  advan¬ 
tages  Those  processes  allow  fine  line  definition  and 
punting  or  deoosition  of  resistors  Both  ill  '■  .nd 
thin  film  techniques  also  offer  some  limited  capaci¬ 
tor  fabrication  However,  many  applications  do 
exist  in  which  a  large  available  volume  allows  the 
use  of  the  more  rugged  PWB  Some  work  is  now 
also  being  done  to  explore  the  printing  of  low 
temperature-curing  resistor  material  onto  PWBs 
that  will  be  competitive  with  the  ceramic-based 
circuits 

The  major  problems  that  woukf  be  addressed 
bv  the  Printed  Wiring  Board  Fabricat.on  F  aunts  a*e 

tat  Process  selection  tor  fabrication  cf  PWBs 
which  optimize  desired  electrical  characteris¬ 
tics  (such  as  antennas,  rf  boards,  filters,  and 
microwave  circuits) 

(b)  Producibility  of  a'l  board  designs  bv 
production  equipment 

(c)  Companson  and  evaluation  of  existing 
processes 

(d)  Evaluation  of  new  processus 

le)  Development  of  new  processes  and  ma¬ 
terials  through  Manuafactunng  Methods  and 
Technology  (MM&T)  studies 


V-2.  Types  and  Processes  for  Fabricating 
PWBs 


There  are  several  types  of  PWBs  and  several 
ways  to  fabricate  them 


Types  of  PWBs 


Fabrication  Processes 


Single  sided  A  PWB  whose  insulating  substrate  ha>  Pattern  plating  OnK  the  desired  conductor  pattern 
a  conductor  pattern  on  only  one  of  its  surfaces  and  holes  tplated-through)  receive  metal  buildup 

before  etching  of  the  pattern  See  figures  V- 1  and  V- 
DouUe  sided  A  PWB  whose  insulating  substrate  2 
has  conductor  patterns  on  both  of  its  surfaces 

Desired  connections  between  patterns  on  both  Pane! plating  The  entire  surface  and  hokrs  i  plated  - 
sides  mav  be  made  by  component  leads,  wires,  through)  receive  metal  buildup  before  etching  of 
rivets,  and  by  plating  through  the  pattern  See  figures  V  1  and  V-2 

A fu/tibier  p\ \'B  In  complex  electronic  arravs  Etched  process  (subtractive/  The  process  begins 

where  even  a  double-sided  PWB  is  not  enough  to  with  u  substrate  which  is  covered  with  copper  on 

H>lve  i he  interconnection  topologn.  al  problem,  it  is  one  or  both  surfaces,  metal  is  sdectivelv  added  and 

necessary  to  use  additional  lasers  ot  PWBs  The  them  removed  bv  etching  to  form  the  desired  pat- 

multiple  boards  are  made  into  a  laminar  stock  of  tern  See  figures  V- 1  and  V-2 

insulated  thin  PWBs  interconnected  bv  plated- 

througn  holes  The  multiple  lasers  and  plating  Additive  Process  The  process  which  begins  with  a 

through  *ethmqujs  allow  topological  solutions  be-  substrate  having  no  copper  on  either  surface  and 

tween  anv  at  the  boards  and  eliminate  the*  need  for  has  the  metal  pattern  selec».veiv  added  to  it  See 

jumper  wires  A  multilayer  PWB  consists  of  several  figures  V-3  and  V-4 

lasers  ot  separate  circuits  bonded  together  to 

produce  a  thin  homogeneous  unit  with  internal  and 

external  connections  to  each  level  of  the  circuitry  as 

dictated  bv  the  electrical  requirements  of  the  svs-  V-3.  Process  Capability  of  PWB  Facility 
tern  This  abilitv  to  provide  'stacked '  or  three- 

dimensional  circuitrv  oflots  a  number  of  unique  The  tvpe  of  PVF  needed  for  PWB  fabrication 

advantages  to  the  electronic  packaging  engineer  m  would  be  able  to  fabricate  single-sided,  double¬ 
arc  as  w  here  volume  reduction  is  as  important  as  the  sided,  and  multilayer  PWBs  using  both  the  additive 

•’equuvniiit  tor  spec  a l  electrical  ch.iractcnsta  s  and  subtractive  processes  The  suotractive  process 

Three  basic  methods  arc  used  to  intmoonoct  mul  allows  both  pattern  and  panel  plating  The  additive 

tilav ex  circuits  the  plated-tbr  .ugh  hok-  the  clear-  proc ess  uses  onlv  pattern  plating  The  various  com- 

ancehok  and  th»*  built-up  technique  The  plater!-  bmations  used  tn  the  fabrication  of  PWBs  have 

through  tv oe  provides  interconnection  to  and  be*  ditferert  advantages  Since  the  equipment  to 

tween  lasers  bv  a  hole  which  is  plated  with  a  produce  anv  one  tvpe  of  board  can  be  used  to 

conductive  material  The  clearance-hole  tvpe  pro  fabricate  anv  other  type  of  board  by  change  of 

sides  access  to  terminal  pads  on  each  level  ot  chcnvcals  and  processes,  few  additional  costs  are 

circuitrv  bv  c  loaranco  holes  on  each  laser  above  it  incurred  for  this  versatility.  Oi  course,  the  multi- 

The  built-up  process  achieves  the  interiaver  con-  laser  PWB  does  require  use  of  a  laminating  press, 

nections  bv  sequential  metal  deposition  of  „onduc  However.  the  antKipated  need  for  multilayer  PWBs 

live  patterns  with  o  without  the  need  for  holes  in  future  fuzing  applications  is  high,  and  this  special 

through  the  entire  thickness  of  the  multilaver  board  press  is  warranted 
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Figure  V-1.  General  flow  chart  for  subtractive 
process. 


Figure  V-2.  Platrd-th  rough  holes. 
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V-4.  Detailed  Description  of  PWB  Facility 

V-4. 1  Art* t  ork  Mister  Generation  and Numer- 
icjlly  Controlled  Drill  Tipe  Prepintion 

The  first  steps  in  the  PWB  design  process  will 
be  completed  in  the  existing  laboratory  area  Ade¬ 
quate  computer-based  facilities  tor  master  artwori. 
generation  and  numerically  controlled  (NC)  dnll 
tape  preparation  alreadv  are  available  One-to-one 
step  and  repeat  negative  and  compatible  NC  dnll 
tapes  will  be  provided  by  existing  personnel  in  the 
laboratory  In  those  cases  where  artwork  masters 
are  provided  but  are  not  accompanied  by  NC  tapes, 
the  PVF  NC  dnll  will  be  able  to  cut  its  owt  control 
tape  The  existing  artwork  master  generation  equip¬ 
ment  consists  of 

iai  Reduction  camera ‘see  fig  V-5*42  \  42-m 
copv  board 


(o'  Step  and  .epeat  automatic  camera  (see  fig 
V-6» 


<c‘  Printed  wiring  board  artwork  generator 
(see fig  V-7*  I6\20  m  photoplotler 
Two  interactive  cathode  ray  tube 
(CRT)  design  stations 
Two  large  interactive  plotting  surfaces 
Magnetic  and  paper-tape  input  and 
output 

Software  to  provide  dnll  tapes 

tdl  Complete  photographic  processing 
svstem 


A  one-to-one  step  and  repeat  phototool  and 
NC  drill  tape  will  be  output  bv  the  above  equipment 
and  delivered  to  the  PVF 


> 
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Figure  V  -3.  General  flow  'Kirt  for  additive  process. 


^  SUBSTRATE  \ 
(a)  UNCLAD  BOARD 

□  CZ3 

(b  )  DRILL  HOLE  PATTERN 


SENSITIZED  SURFACE 


3~ 


RESIST 


(c  )  RESIST  ANU  SENSITIZED  IMAGE 


ZZZA 


£ 


COPPER 


(d)  aECTROLESS  COPPER 


V-4.2  Substr  »/c  Preparation  and  Hole  Drilling 

Raw  substrate  stock  will  be  purchased  in  the 
commercially  available  3-  x  4-ft  size  The  stock  will 
oe  cut  to  the  basic  handling  panel  size  by  a  36-in 
shear  The  panels  are  then  punched  for  registration 
with  two  locating  holes  Pattern  hole  forming  is 
accomplished  bv  either  NC  drilling  with  a  multi- 
spmdle  drill  or  by  punching  with  a  35-lon  press  The 
panel  is  then  degreased  and  scrubbed 

V-4.3  Photoresist  Imaging 

Depending  upon  the  application.  a  specific 
sequence  of  pho.oresi sting,  exposing,  and  develop¬ 
ing  is  required  When  dry  film  is  used,  the  film  will 
be  applied  with  a  lamtnator.  exposed  with  ultra  - 
violet  light  and  spMv  developed  less actuate 


(e)  STRIP 

Figure  V-4.  Additive  process. 


resist  patterns  will  be  screen  printed  on  the  panel 
An  oven  is  required  to  cue  certain  types  of  resist 

V-4.4  Board  Pattern  Processing 

Equipment  is  required  for  processing-board 
patterns  using  both  the  subtractive  and  additive 
processes  The  subtractive  process  requires  a 
convevor  etcher  and  a  senes  of  processing  tanks  to 
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Figure  V-7.  Printed-wiring  board  artwork  generator. 


Figure  V-6. Slep-and-repeat  automatic  camera. 


electroless  plate  copper,  electroplate  copper,  and 
to  electroplate  tin-lead  A  solder  reflow  furnace  is 
required  to  seal  the  walk  of  the  pattern,  to  remove 
slivers,  and  to  improve  solderabilitv  after  storage 
The  additive  process  requires  onk  a  series  of  proc¬ 
essing  tanks  A  laminating  press  is  needed  to  com 
press  and  bond  the  lasers  of  a  multi-laver  stack 

Board  profiling  is  to  be  done  for  complex 
shapes  by  a  35-ton  punch  press  while  simpler 
shapes  will  be  template  sheared  in  a  hydraulic 
press 

V-4.5  Doird  Inspection 

The  inspection  area  will  house  the  plating  area 
calculator,  which  determines  the  plating  power 
supply  settings  A  plating  thickness  gauge  and  lead  - 
tin  percentage  analyzer  will  confrm  the  plated 
th.ckness  and  composition  of  the  deposited  solder 
A  large-field  optical  comparator  will  examine  hole 
quahlv  and  allow  precision  measurements  of  trace 
width,  hole  size,  and  spac.ngs 

Table  V-t  lists  the  equipment  and  utilities 
needed  for  printed-wiring  board  fabrication.  Fig¬ 
ures  V-8  through  V-2 1  show  the  tvpe  of  equipment 
needed 


Figure  V-8  A  36-in.  shejr. 


Figure  V-21.  Multilayer  press. 


Table  V-l  {quipment  and  Utilities  Needed 
foe  Printed  Wiring  Board  Fabrication 

Process /equipment  Utilities 

Svbstnte  preparation 
jnd  hole  dnllmg 
3b-m  shear 
NC  dnl 

Registration  pxxxhes 
Degreaser 

Prrtrdcecut 
scrubber 

Phorore^J  *wpng 

Oy  iJm  lamanator  208  V  single  phase 

rume  exhaust 

Desetoper  IIS  V  single  phase  fume 

exhaust,  cold  Mater  dram 
Screen  porter  208  V  3  phase 

UV  exposer  fume  exhaust.  208  V 

single  phase 

Oxen  208  V  smgle  phase 

Bojrd  /Voces  s*ye 
Comes  or  etcher 


Compressed  a«r  »00  psi 
Compressed  air  100  psi 
208  V  3  phase 
None 

208  \  J  phase 
fume  exhaust 
208  V  3  phase  cold 
Mater  dram 


208  V  3  phase  cold 


Table  V*1  (coil'd)  Equipment  and  Utilities  Needed 
for  Printed  Wiring  Board  Fabrication 

Process/equipment  Utilities 

Baird  Processing  (cont'd' 

Addrtivr  process 

Subtracter  process 


Muhilaxer  press 

'older  retloM 
Punch  press  3S  T 
tfsdraubc  press  6  T 

Inspection 

Mating  thickness 
measurement 
Plating  area 
calculator 
Other  inspection 
aids 

Xfncetbnews 
Storage 

Chemical  ntscWig 
Sinks  benches 
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Chapter  VI. — Electronic  Board  Assembly  Facility 

by  !ra  Marcus 


VI-1.  Introduction 

Electronic  components  will  be  assembled 
onto  printed -wiring  boards  bv  hand  or  bv  machine, 
or  fa\  both  Certain  fuze  designs  are  so  densely 
packed  that  it  is  not  possible  to  insert  parts  by- 
mac  hme  For  those  cases,  the  Electronic  8oard 
Assembly  Facility  (EBAF)  will  provide  tor  modern 
assembly -line  fabrication  bv  hand,  using 
programmed  conyevor-connected  stations  and  tn 
line  inspection  Those  circuits  yyhich  vyill  alloyv 
machine  insertion  of  parts  will  be  fabricated  that 
way 

One  of  the  primary  objectives  of  the  EBAF  will 
be  to  explore  all  possible  means  of  machine 
insertion  assembly  In  those  instances  where  it 
tannoi  be  done,  the  objective  will  be  to  efficiently 
use  hand  assembly  in  conjunction  v\ith  other 
semiautomatic  methods  In  both  cases,  the 
subsequent  soldering  operation  will  be  done  by  use 
of  ma>s  soldering  equipment  Lead  trimming  will  be 
done  by  an  automatic  lead  cutler  During  various 
states  of  fabrication,  from  subassembly  to  the 
almost  completed  fuze  package,  it  is  sometimes 
necessary  to  encapsulate  sections  of  electronics 
The  EBAF  yvill  be  able  to  pot  electronics  using  both 
the  solid  epoxv-type  and  foam  encapsulanls  Some 
of  the  benefits  of  this  section  of  the  PVF  would  be  to 

(a)  demonstrate  that  a  particular  assembly- 
can  be  fabncated  with  automatic  equipment 

lb)  alloyv  precise  production  cost  estimates  of 
specific  circi* :  designs 

<c)  prove  out  the  capability  of  circuit 
components  to  be  mass  soldered 

(d)  prose  out  the  mass  solderability  of  etched- 
wire  board  layouts  supporting  electronic 
components 


(e)  demonstrate  automatic  lead  cutting  and 
isolate  problem  components  yvhose  leads  are 
not  suitable  for  mass  trimming 

(f)  optimize  encapsulating  design  strategy 

lg>  provide  equipment  and  capability  to 
evaluate  the  relative  cost-effectiveness 
assembly  metnods  yersus  standard  hand  or 
standard  automatic  fabrication 

(h)  prose  out  automated  or  mechanized 
inspection  equipment 

(i)  p'ovide  potential  for  improving  data 
collection  and  utilization 

(j)  prove  out  the  in-line  electronic  and 
mechanical  equipment  required  to  make  final 
adjustmenison  the  prinled-ssiring  boards 

VI-2.  Process  Capability  of  Electronic  Board 
Assembly  Facility 

The  combined  abilities  of  hand  assembly  and 
automatic  insertion  will  alloys  the  producibility 
safidation  of  anv  envisioned  high-volume, 
ordnance  electronics  Special  machinery  can  be 
added  as  these  processes  become  accepted 
throughout  the  electronics  industry-  and  the  military 
community.  It  is  expected  that  integrated  circuit 
packaging  sviH  change  from  individual  packages  to 
some  form  of  continuous-roll  film  mounting  for 
more  economical  insertion  Provision  is  made  for 
acqumng  one  such  machine  As  the  facility 
matures,  it  is  expected  to  be  a  vehicle  for  the 
evaluation  of  nesv  production  machines  and 
processes  yyhich  could  benefit  the  manufacturing  of 
fuzes.  Both  in-line  and  finished  assembly  testing  will 
be  done  in  the  test  area  Figure  VI-1  is  a  yvork  floyv 
diagram  planned  for  this  facility  Table  VI- 1  fists  the 
major  eouipmcnt  required 
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Some  peril  iont  literature  is  listed  in  the 
Selected  Bibliography  at  the  end  of  th1,  chapter 

Figures  VI-2  through  VI- It  show  typical 
pieces  of  equipment  needed  tor  the  electronic 
beard  assemble  tacihtv 

Table  VI-1  Printed  Wiring  Board  Assembly 
Equipment 

Equipment  Utilities 

Ten  station  programmed  I1>  V  100  psi  air 

assembls  bnxh 

Mass  solder  208  \  single  phase 

100  psi  a>r 

Octluxer  208  V  three  phase 

tume  exhaust 

lead  cutler  208  V  three  phase 

(  unry  oxen  4'0  V  ihm  phase 

foam  poll  ng  208  V  surgle  phase- 

100  psi  4J 

E'ioxx  dispenser  IIS  V  100  psi  air 

-sutomat*  component  115  \  100  psi 

insertion  an 

Automat*  dip  insertion  115  V  100  (>m  an 

-sequent er  IIS  \ 

Pantograph  insertion  115  V  100  pu 

air 

Parts  storage 

Hand  loots— Usv-mbls  — 

RessorC  lulls 

Adsarxed  automat* 
insert**! 


Figure  VI-2.  Programmed  assembly  bench. 


Figure  VI-5,  lead  cutter, 
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Chapter  VII. — Thick  Film  Hybrid  Microelectronic 
Fabrication  and  Assembly 

by  Joseph  L  Ansel! 


VIM.  Introduction 

During  the  past  decade,  the  production  ot 
commercial  electronic  devices  has  gradually 
evolved  awav  from  the  use  ot  discrete*  assembly 
methods  toward  greater  use  ot  h\bnd  fabrication 
techniques  in  the  same  time  period  ordnance  fuze 
technology  has  seen  the  replacement  ot  many  me¬ 
chanical  and  electromechanical  fuzes  bv  improved 
electronic  versions  the  transistor  replaced  the  vac¬ 
uum  lube,  the  integrated  circuit  is  replacing  the 
transistor,  and  state-ot-the-art  tuzes  are  increasingly 
being  designed  around  digita'  .-'tegrated  circuits 
The  complexity  ot  these*  electronic  modules,  com¬ 
bined  with  the  small  vo’ume  available  to  contain 
them,  has  torced  ordnince  electronic  designers 
toward  widespread  use  ot  thick  tiim  hvbrid  micro¬ 
electronics  as  the  fabrication  medium  tor  these 
circuits  AH  indications  are  that.  in  the  loreseeab'e 
future  hybrid  circuits  yyill  bo  a  ma,or  technology- 
used  to  fabricate  high-yolume,  loyy-cost,  small-size 
ordnance  elec  tronic  s 

HDL  has  been  a  recti'  involved  with  modern 
ihul  him  applications  si  »ce  1968  The  use  ot  this 
technology  has  me  teased  greatly  since  that  tmu*  as 
its  adsantages  became  knoyyn  and  accc*pted  One 
eump’o  ot  its  use*  is  in  the  M?  34  multi-option 
mortar  tu/e  yyhich  utilizes  thick  lilm  hybrid  mod¬ 
ules  tor  both  the*  .implitier  itig  \  II- 1  >  and  «m  ilLitor 
c.rcu^s  tig  VI 1-2 1  -\s  our  use  ot  and  expertise  in 
t  k  k  film  hvbrid  mu  roc  ire  uits  have  devolojx*d  the 
appk  ations  ot  this  let  hnologv  to  tuze  designs  hav  e 
progressed  trom  reseaich  a«»d  development  *o 
present  myohement  yyith  production-based  de¬ 
signs  Pertinent  literature  is  presented  in  the  Se¬ 
lected  Bibliography  at  the  end  o!  this  Chapter 


Figure  VIM.  M754  multi-option  mortar  fuze 
amplifier. 


The  design  of  h>bnd  circuits  tor  production 
introduces  differences  in  design  philosophy,  ap¬ 
proach  and  methods  from  those  previously  used  *-n 
research  and  development  applications 

The  thick  film  group  at  HDL  present^  sup¬ 
ports  both  research  and  dcvdopmei...  and 
produc  lion -based  projects  Development  work 
performed  tor  the  latter  usually  includes  ir.it ia!  thick 
film  hybrid  layouts  as  well  as  prototype  samples  tin 
quantities  up  to  about  500).  used  to  prove  system 
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feasibility  In  addition,  accompanying  technical 
data  packages  have*  been  prepared 

Due  to  limitations  ot  the  proc casing  equip- 
ment  c urrenlh  b**inu  used  tor  tha  k  film  labnc ation, 
the  production  data  package*  obtained  troni  proto- 
tvpe  sample-s  is  not  sutticientlv  accurate  Othe*r 
problems  are  also  caused  b\  the  equipment  and 
technique's,  since  thc*\  are  not  compatible  for  the 
fabrication  ot  small  volumes  at  high  production 
rate*s  Problem  areas  are  substrate  shape,  s»/e  and 
orientation  ot  resistors,  high-rate  wire*  bonding  on 
small  geometries.  and  final  protective c ircuit  encap¬ 
sulation  During  prototvpe  construction.  the*se* 
problems  mav  be  solve*d  bv  careful  assemblv  and 
(Mailed  inspection  bv  skilled  technicians  This 
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Figure  VI1-2.  M734  multi-option  mortar  fuze 
oscillator. 


would  not  be  economical^  feasible  on  an  auto¬ 
mated.  high- volume  production  line 

With  a  PVF  however,  the  facilities  would  be 
available  tor  determination  ot  proper  fabrication 
techniques  ot  thick  film  hvbr.d  circuits  at  high- 
volume  production  rates  The  experience  and 
knowledge  accumulated  on  this  equipment  in  de¬ 
veloping  thick  film  processing  techniques  and  pa 
rameters  will  ultimately  provide  accurate  thick  film 
hybrid  microcircuit  models  that  will  introduce  ir- 
dustrv  production  processes  or  be  compatible  with 
them 

The  most  important  problems  that  the  t»~ck 
lilm  PVF  will  attempt  to  solve  immedwHelv  are 

<a)  determination  ot- high-volume  production 
printing  parameters  tor  fine-line  conductor  patterns. 

ib)  evaluation  ot  pnnt  and  fire  parameters  to 
achieve  minimal  resistor  trimming, 

tel  adaptation  of  functional  lactve‘  resistor 
trimming,  compat'ble  with  high  production  rates 
(this  is  important  in  setting  burst  heights  ot  proxim- 
itv  fuze's). 

id i  introduction  ot  automatic  vvre  bonding  of 
all  trans.-stors  and  diooes  in  hvbnd  circuits  with  a 
single*  visual  alignment.  and 

*e)  derveTopmerit  of  high-vc'ume.  low -cost 
packaging  techniques  to.  the  ordnance 
environment 

VII-2.  Thick  Film  Process 

Thick  film  hvbnd  production  techniques  allow 
the*  manufacture  of  conductors,  resistors,  capaci¬ 
tors.  inductors,  and  crossovers  trom  thick  film  ma¬ 
terials  All  are  easily  tabneated,  and  each  type  of 
thick  film  component  has  *ls  inherent  advantages 
and  disadvantages  relative  to  its  more  standard 
counterpart  Thick  film  resis»ors  provide  an  excel¬ 
lent  compromise  between  conventional  carbon 
composition  resistors  and  metal  film  types  so  far  as 
cost  stability,  temperature  coefficients,  and  other 
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pertinent  factors  are  concerned  '  hick  film  capaci¬ 
tors  mav  be  fabricated  for  loss  values  o!  capai  »- 
lance  These  values  are  generally  limited  b\  the 
available  substrate  area  Dissipation  fac I« «s,  how 
ever,  are  usualK  not  as  good,  and  tolerances  cannot 
be  held  pret  iseiv  This  ma>  be  compensated  for  bv 
trimming  capacitors  to  value  This  process  is  still 
being  developed  for  good  yields  at  high  production 
rates  and  currenil>  has  roanv  problems  Inductors 
ma>  be  made  vsith  thick  film  materials  bv  spiralling 
conductors  ot  narrow  line  width  and  varied  spa¬ 
cing,  but  are  generally  limited  to  low -inductance, 
low  -( )  applications 


The  inherent  versatility  ot  thick  tilm  networks 
can  be  extended  wdi  the1  use  ot  d-elet tries  to 
prov  »de  mufctlav  ered  c  ire  uitrv 


Since  an  introduction  has  now  been  gr»c*n  to 
items  that  can  be  fabricated  with  thick  film  techno! 
og>.  a  simple- now  chart  (fig  Vl!-3i  will  illustrate  the 
ordered  steps  m  making  these  items  Blocks  and 
paths  that  are  shown  as  dotted  art  optional  de¬ 
pending  upon  the  requirements  of  each  particular 
circuit 

VII-3.  Description  of  Thick  Film  Facility 

The  thick  film  hybrid  facility  will  be  divided 
into  several  functional  areas,  described  below 
Necessary  equipment  is  listed  m  table  VII-1  and 
show**  in  figures  \ll-4  through  VII- 2 1  (following 
chapter  text) 

<i»  Qu.iht\  A\*urjtKe,  Incoming  In^xx'ion 
Parts  and  materials  received  in  the  facility  will 


? 


Figure  VII-3.  Thick  film  fabrication  flow  chart. 


Table  VIM.  Equipment  Requirements 


Process 

Capacity 

Utilities 

Quality  Assurance 

Incoming  Inspection 

Viscometer 

— 

115V.  single  phase 

Microscope. 

— 

115V.  single  phase 

stereozoom 

Microscope, 

— 

115V,  single  phase 

metallurgical 

Epox>  bonder 

— 

115  V,  single  phase. 

Curve  tracer 

— 

1 1 5  V.  single  phase 

Probe  station 

— 

— 

Printer 

— 

115V,  single  phase 

Furnace 

— 

460  V,  3  phase,  air,  30  ps*. 
cold  water,  dram,  exhaust 

Digital  multimeter 

- 

115  V,  single  phase 

Storage 

Jar  roller  14) 

— 

115  V,  single  phase 

Dessicator  cabinet  (2) 

— 

— 

Large  storage 

— 

— 

cabinets 

Screen  storage 

— 

— 

cab*  nets 

Drafting  table/ desk 

— 

115  V.  single  phase 

combination 

Pols'  coordmato- 

— 

115  V.  single  phase 

graph 

and  K-e 

Printer  (2) 

3000  parts/ 

115V,  single  phase,  «*u. 

hr  each 

90  psi,  vacuum,  25  in 

Diver  (21 

— 

— 

Furnace  (2) 

5000  1  x  1  m 

460  V,  3  phase,  air. 

substrates/hr  each 

30  psi,  water,  dram 

Resistor  trimming 

Laser  trimmer 

22.000  rests- 

220  V,  single  phase. 

tors/hr 

115  V.  single  phase,  atr, 

80  psi  water,  dram 

Pjwve  assembly 

Edge  pm  attach 

— 

*15  V.  single  phase 

Robot  oarts  placer 

1800  chips/ 
hr 

115  V.  single  pliasc 

So  Her  rctlow 

600  1  x  1  in 
substrates /min 

115  V,  single  phase 
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Table  VII-1  (cont'd).  Equipment  Requirements 


h 

» 

i 


Process 

Capacity 

Utilities 

Convevor  ultra- 

— 

115V.  single  phase 

sonic  cleaner 

Actne  j'mwWi 

TC  die  bonder 

1000  to  4000 

115  V,  single  phase. 

dice/hr 

vacuum 

Ultrasonic  die 

~ 

1 1 5  V,  single  phase. 

bonder 

nitrogen,  vacuum 

Ultrasonic  alurm- 

— 

115V,  single  phase 

num  wire  bonder 

Ultrasonic  gold 

2000  to  3000 

115  V,  single  pha«^ 

wire  bonder 

wires  /hr 

Thermo  ionic 

1500  to  2000 

115V,  single  phase. 

wire  bonder 

wires /hr 

vacuum 

Pulse  heated  TC 

— 

115V,  single  phase,  hvdro- 

wire  1  >ondef 

gen.  vacuum 

Automatic  thermoson- 

7200 

115  V,  single  phase. 

ic  wire  bonder 

wnes/hr 

Work  benches,  ver- 

— 

115  V.  single  phase. 

tical  laminar  <»ir 

230  V.  3  phase 

flow 

tpoxv  bonder 

— 

110V.  single  phase, 
vacuum 

Epoxv  bonder 

- 

115  V,  single  phase 

Encjptvhlion 

Hermetic  sealing 

— 

1 1 5  V,  single  phase 

Injection  molding 

— 

115V,  single  phase 

Contormal  coating 

60C  1  \  !  «n 

substrates/ hr 

115  V.  single  pha^e 

Test  ,wd  failure  aru/is/s 

Probe  stations  <2) 

— 

miiwIU  U*  directed  mlo  this  area  tor  **valuation 
This  initial  c  Ixx  k  w ill  unsure  ih.il  ail  trx  timing  c  orn¬ 
aments  anti  materials  coniorm  to  sx-<  it  nations 
The  area  will  include  equipment  nee essarv  tor 
( lose  deta  ited  visu.il  insjx-ction.  probing,  and  elec  - 
trx  al  testing  of  both  at  in  e  and  passive  c  hip  compo- 
nents  In  addition  some  thick  lilm  processing 
equ.pment  such  as  a  printer  furnace,  and  viscome¬ 
ter  will  be  user!  *o  male  sample  tests  ot  the  proper¬ 
ties  ot  all  bate  hes  of  lhx  k  tilm  rn.it enals 


*2l  5/OM.ee  The*  ..rea  will  be  eniirch  under 
the  c  ontrol  ot  the  quatav  assurance  Malt  from  area  I 
above  The  components  and  materials  that  will  be 
required  lor  \anous  projects  will  be  stored  here 
under  limited  access  control  This  w  ill  ensure  use  ot 
qualified  materials  on  all  programs  and  will  pre*ent 
unauthorized  use  of  the  qualified  materials 

13)  l.nvut.tnd  -Tr/mwA  Thi  section  will  con¬ 
trol  the  preparation  of  and  a  file  system  lor  artwork 
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involved  in  screen  manufacture.  In  addition,  this 
group  will  he  responsible  for  developing  and  over¬ 
seeing  the1  engineering  process  and  flow  control. 
The  processes,  steps,  materials,  and  procedures  will 
also  be  documented  at  this  point. 

The  layouts  made  in  this  section  may  utilize 
either  a  drafting  table  or  a  polar  coordinatograph, 
both  of  which  are  available.  Special  or  complex 
artwork  will  be  prepared  on  the  interactive 
computer-aided  design  (CAD)  artwork  generator 
used  primarily  by  the  Printed  Wiring  Facility.  With 
this  equipment,  rubylith  masters  will  be  prepared 
for  photographic  reduction.  The  reduction  itself  will 
be  handled  in  the  printed-wiring  board  fabrication 
facility,  and  from  there  the  screens  will  be  pre¬ 
pared  at  qualified  contractor  facilities.  The  reason 
for  having  this  last  operation  performed  outside  the 
facility  is  that  experience  has  shown  that  competent 
contractors  are  able  to  make  good  screens,  cheaply 
and  just  as  quickly  as  can  be  made  in  house.  This  is 
not  true  for  other  process  steps. 

(4)  Print  and  Fire:  It  is  in  this  area  that  the  bulk 
of  thick  film  fabrication  takes  place.  The  printed- 
and-fired  substrates  made  here  provide  the  basis  for 
hybrid  assembly.  This  section  also  fabricates  com¬ 
ponents  such  as  printed  conductors,  resistors,  ca¬ 
pacitors,  crossovers,  etc.  The  equipment  consists  of 
automated  screen  printers,  conveyor  dryers,  and 
conveyor  furnaces.  This  equipment  has  been  sized 
for  a  production  capacity  that  experience  shows  is 
necessary  in  order  to  closely  simulate  full 
production  capabilities  and  capacities,  and  to  dis¬ 
close  potential  problems  that  may  arise  in  perform¬ 
ing  these  functions. 

(5)  Resistor  Trimming:  Resistors  are  automati¬ 
cally  trimmed  to  value  at  this  point.  The  laser 
system  that  will  be  available  for  this  function  (and  its 
associated  computer  control)  will  be  able  to  trim 
resistors  to  close  tolerances  at  production  rates 
either  in  a  passive  situation  (trim  made  to  a  specified 
resistance)  or  in  an  active  mode  in  an  operating 
circuit  with  trim  made  to  a  specified  circuit  parame¬ 
ter  such  as  frequency  01  voltage. 


((»)  Passive  Assembly:  The  passive  assembly 
area  will  allow  automated  placing  of  components, 
solder  reflow,  and  subsequent  cleaning  operations. 
The  automated  parts  placer  is  controlled  by  a  mi¬ 
croprocessor  which  can  use  the  same  program 
generated  for  the  location  of  wire  bonds  for  the 
automated  wire-bonding  operation  in  the  active 
assembly  area  described  next. 


(7)  Active  Assembly:  The  operations  per¬ 
formed  in  this  section  are  extremely  important  to 
the  hybrid  process.  Two  major  steps  are  per¬ 
formed — placing  active  chip  devices  onto  the  sub¬ 
strate  and  "wiring”  them  into  the  circuit.  This  area 
will  require  an  automatic,  thermosonic  wire  bonder 
with  a  large  enough  capacity  to  simulate 
production-type  processes  and  techniques.  In  addi¬ 
tion,  several  manual  bonders  of  various  types  will 
provide  an  accurate  simulation  of  many,  if  not  all, 
the  types  of  bonding  available  to  the  industry  gener¬ 
ally,  now  and  in  the  foreseeable  future. 

This  section  provides  die  bonding  of  several 
types:  i.e.,  epoxy  bonding,  thermocompression  die 
bonding,  and  ultrasonic  die  bonding.  In  addition, 
the  types  of  wire  bonding  available  are  ultrasonic 
wire  bonding  of  both  gold  and  aluminum  wires; 
thermosonic  wire  bonding;  pulse-heated,  thermo¬ 
compression  wire  bonding;  and  fully  automated, 
computer-controlled,  thermosonic  wire  bonding. 
These  capabilities  will  allow  the  facility  to  closely 
simulate  any  type  of  process  used  in  a  production 
situation 

(8)  Encapsulation:  Because  of  the  variety  of 
packaging  techniques  possible  in  fuzing  applica¬ 
tions,  this  facility  provides  production  capabilities 
for  three  major  types  of  encapsulation:  hermetic 
sealing,  conformal  coating,  and  injection  molding. 

(9)  Test  and  Failure  Analysis:  This  area  will 
provide  us  with  a  facility  to  test  finished  products 
and  perform  failure  analysis.  The  "heart"  of.  this 
section  will  be  the  Hewlett-Packard  9500D  Auto¬ 
matic  Test  System,  which  is  already  an  HDL  operat¬ 
ing  facility. 
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Figure  V1 1-8.  Automatic  screen  printer. 


F*ure  VII-1 1.  Robot  pari*  placer.  Tt^un-  VII-13.  TC  die  bonder. 
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Figure  VII-19.  Injeclicn 
molding  machine. 
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Figure  VI 1-20.  Conlorrrul  coater. 


Chapter  VIII.  Prototype  Validation  Facilities  (or 
Inspection  and  Testing  Systems 

by  Horace  E  Brown.  |r 


VMM.  Background 

Fuzes  and  their  component  parts  developed 
In  HOI  tall  into  two  general  categories,  depending 
on  the  weapons  tor  which  they  are  designed  Mis. 
sile  fuzes  are  usually  serv  complev.  expensne  de¬ 
uces  requiring  almost  100  percent  reliability,  and 
are  produced  in  relatively  low  volumes  Com  on- 
uonat  hand  assemblv  (or  this  tvpe  ol  production 
facility  would  probably  be  mandalorv  On  the  other 
hand,  rocket  mortar,  and  artillery  lures  are  usuatlv 
less  sophisticated  electronically  are  used  in  tar 
greater  numbers  operationally,  and  must  lx* 
produced  in  large  quantities  to  meet  military  logrstic 
needs  These  latter  fuzes  are  candidates  for  modern 
automatic  manufacturing  techniques  ot  fabrication, 
assemblv ,  and  !cstmg 

When  high  production  rates  evist.  a  reduction 
in  unit  cost  ot  onk  a  ten  cents  per  un.i  can  return 
usings  of  hundreds  of  thousands  ot  dollars  This 
collar  saving  if  it  is  to  be  ot  true  value  to  the 
government,  must  be  achieved  without  downgrad¬ 
ing  a  unit  s  electrical  integrity  or  the  militarv  charac¬ 
teristics  ot  the  tuze  Reliability  must  remain  high, 
storage  life  must  not  be  compromised  and  opera¬ 
tional  features  must  not  be  degraded  Assurance 
that  these  conditions  are  met  can  be  enhanced  bv 
comprehensive  measurement  inspection,  and  test¬ 
ing  procedures  dunng  the  manutacture  ot  the  fuzes 

Numerous  measurement  and  inspection  tech¬ 
niques  alrcadv  exist  and  are  being  used  m  a.-to- 
matic  fabrication  and  assemblv  lines  ter  k  ommer- 
cial  mechanical  and  electrical  items.  Mans  of  these 
methods  are  directly  applicable  to  fuze  manufac- 
turo.  and  the  user  can  incorporate  them  into  an 
automatic  line  w.th  a  high  degree  of  conf-dence 
Other  aspects  ot  fuze  testing,  however,  particularly 
special  conditions  applying  to  ladiatmg-type  prox¬ 
imity  fuzes,  have  no  direct  counterpart  in  high 
production  items  on  the  commercial  market  For 
adequate  and  reUble  acceptance  testing  methods 


and  procedures  to  be  available  at  the  time 
production  is  started,  the  hardware  and  documen¬ 
tation  must  be  prepaid!  and  v  entied  during  the  fuze 
development  phase 

VIM-2.  Recommendations 

A  facility  is  required  that  will  allow  the  deve1- 
opment  of  comprehensive  test  and  measurement 
methods  and  test  equipment  concurrent  with  the 
fuze  design  This  would  assure  that,  at  the  time  a 
contract  is  let  for  production  ot  fuzes  in  large 
quantities,  an  accurate  testing  system  would  exist  to 
test  and  evaluate  units  rapidlv  and  inexpensively. 
The  required  sv stem  should  incorporate  at  least  the 
follow  mg  general  capabilities 


<a)  Provide tne necessarv  meclyimzed assem¬ 
blies  that  will  allow  the  lest  system  to  operate 
dvnamicallv  m  a  completely  automated  mode  Me¬ 
chanical  handling  equipment  shall  be  provided  to 
pick  up  the  fuze  assembly  from  handling  tra>s  load 
the  fuz?  into  a  proper  rt  load  box  when  needed,  and 
automatical  simulate  and  meisure  tuze  parame¬ 
ters  upon  request 

(b)  Determine  whether  measured  parame»ers 
are  within  predetermined  limits 

(c)  Mark  all  tuzes  whuh  do  not  meet  the 
above  criteria  with  a  unique  svmbol,  which  vvll 
show  the  specific  tuze  parameter  that  was  tailed 
The  panel  of  the  test  station  should  also  be  marked, 
to  alert  the  operator  of  the  failure 

(d)  Provide  equipment  to  remove  the  fuze 
and  automatically  place  it  in  appropriate  bins  (ac¬ 
cept.  reject,  and  re-work),  after  tests  are  complete 

(e)  Provide  a  real-time  data-acquisition  and 
processing  system  for  fuze  testing  dunng 
acceptance 


Ill  Keen  a  running  frequency  distribution  tor 
each  tuze  parameter  measured  so  that  means,  stan¬ 
dard  deviations,  and  failure  rates  can  be 
determined 

<gl  Provide  a  printed  record  of  analy  zed  data 

(hi  Provide  data  storage  for  further  rigorous 
statistical  analysis 

Vlll-3.  Equipment  Required 

The  production  equipment — whether  rotarv 
table  nonsvnchronous  transport  system,  or  other 
tvpe — will  be  selected  b>  the  fuze  design  require¬ 
ments  Test  stations  must  then  be  implemented  as 
required,  and  the  selected  svslem  of  transducers 
and  fixtunng  must  be  designed  and  installed  on  the 
production  equipment 

It  i*  expected  that  a  minicomputer  would 
cor.  >1  the  complete  operation  of  the  test  system 
and  would  also  be  able  to  acquire  data  on  com¬ 
mand  from  the  satellite  stations  that  compose  a 
complete  test  facility  Once  acquired,  the  data 
would  be  statistically  processed  to  pinpoint  trends 
o‘  fuze  parameters  The  minicomputer,  on  com¬ 
mand,  would  either  assume  lota1  control  of  the 
microp'ocessor-conuolled  satellites  or  would  ac¬ 
quire  data  from  the  satellite  stations  Each  satellite 
station  wou'd  have  enough  circuitry  incorporated 
into  its  hardware  to  sequence  its  own  tests,  issue 
Goi No-Co  decisions,  and  temporarily  store  data 
from  one  of  two  measurement  cycles 

In  the  automatic  mode  it  is  env  isioned  that  the 
central  processing  unit  (CPU1  would  totally  control 
the  operation,  retrieve  the  temporarily  held  data  on 
demand  conduct  various  statistical  exercises  (also 
on  demand)  and  issue  a  printout  In  the  local 
mode,  each  satellite  station  would  operate  inde¬ 
pendently  Because  this  mode  of  operation  ex¬ 
cludes  computer  operation,  no  data  would  be 
rn  rded  Operation  in  this  mode  is  basically  in¬ 
tended  to  allow  the  line  to  perform  if  a  computer 
breakdown  v. ere  to  occur 

The  following  are  typical  satellite  stations  for 
artillery  proximity  fuze  testing  and  the  tests  per¬ 
formed  by  each  station 


(a)  Oscillator/amplifier  assembly  station  fire 

delay,  current  detector,  frequency 
(oscillator),  rf  sersitiv.ty,  fire  pulse  en¬ 
ergy,  rf  power,  integration  time,  noise 
rejection,  low  height  of  burst  (H08), 
mid  HOB,  high  HOB 

(b)  Amplifier  assembly  station  current,  arm¬ 

ing  time  delay  (firing  delay),  select  R9 
and  3  HOB  tests  performed,  battery 
noise  (noise  rejection),  integration  time, 
fire  pulse  energy 

(c)  Oscillator  test  station  rf  frequency,  detec¬ 

tor  voltage,  rf  power,  current,  rf 
sensitivity 

Two  of  these  stations  are  normally  required 
for  measurements  before  and  after  the  assembly 
has  been  encapsulated  m  a  potting  matenal 

For  performance  of  the  oscillator/amplifier 
assembly  testing,  the  following  example  of  options 
that  could  be  proved  in  at  tne  PVF  is  presented 

VIII-4.  Examples  of  Tester  Design  Approaches 

VW-4. 1  In-Line  Production 

The  present  government  design  of  the 
oscillator/amplifier  tester  is  not  conducive  *o  in-line 
testing,  but  was  developed  tor  DECASD  buy-off 
tests  It  is  judged  that  100-percent  testing  of  the 
oscillator/amplifier  (potted)  is  required  in 
production  Therefore,  the  following  approaches 
are  offered  for  adapting  this  test  to  in-line 
production 

Automatic  Feed  ot  Assembly  D-l — In  this 
mode,  two  chambers  are  used  on  a  modular  con¬ 
sole  (as  the  tester  is  presently  being  designed) 
Oscillator/amplifier  assemblies  are  automatically 
fed  and  placed  into  the  sockets  of  the  chambers 
The  chamber  doors  are  automatically  opened  and 
closed,  and  the  tester  is  automatically  operated 
Electronics  remain  muitimatrixed  Operation  would 
be  as  follows.  Oscillator/amplifier  assemblies 
would  be  delivered  to  the  testing  station  on  car¬ 
tridges  or  magazmes  Each  station  would  be 
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equipped  with  an  automatic  feed  and  transfer  de¬ 
vice  which  would  take  assemblies  from  the  car¬ 
tridge  and  insert  them  into  the  sockets  of  the  cham¬ 
ber  doors  The  doo'S  would  automatically  open  and 
close  While  chamber  A  is  pertcrming  tests,  cham¬ 
ber  B  would  be  unloaded  and  reloaded  automati¬ 
cally  Rejected  assemblies  would  be  maintained 
Accepted  assemblies  would  be  returned  to  a  stor¬ 
age  cartridge  or  magazine  This  mo-Je  is  shown  in 
figure  Vlll-1 
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Figure  Vlll-1.  Test  chamber,  automatic  feed,  and 
plug-in. 

The  tester  woJd  require  the  following 
redesigns 

(a)  Automatic  operation  ot  doors,  preferably, 
doors  should  open  dow  n 

(b)  Automatic  start  of  tester 

(c>  Use  ot  rcieci  signal  to  operate  control  of 
teed  mechanism  lor  rejection  ot  i  unponent 

Idl  Redesign  ot  sockets  to  permit  automatic 
insertion  A  special,  temporary  tvpc  of  socket  mav 
has*  to  be  used,  where  tni*  oscillator  /amplifier 
assembly  is  first  inserted  into  the  special  socket 
before  it  is  ted  io  the  chamber 

This  system  has  the  following  characteristics 

(a)  Low-  rates  (approximately  120  units  per 
hour  at  100-percent  efficiency,  tnerefore.  at  least 
six,  and  preferably  seven  or  cght  svstems  are  re¬ 
quired  for  a  production  line,  but  not  for  the  PVF) 


(c)  One  operator  (minimum)  required  per  two 
systems  / 

Id)  Operator  decision  eliminated  in  placing 
rejects  into  proper  rack 

<e)  Protection  of  production  flow  due  to  tester 
down  time  since  several  testers  are  employed 

(0  Extensive  debugging  and  troubleshooting 
to  perfect  the  automatic  feed  can  be  expected 
initially  due  to  the  nature  of  the  product. 

Rotar\  Turntable  — In  this  mode,  two  cham¬ 
bers  are  used,  with  electronics  again  multiplexed 
O^cillator/amplifier  assemblies  are  manually 
loaded  and  automatically  unloaded  from  the  table 
A  memory  system  is  provided  for  automatic  rejec¬ 
tion  of  reject  assemblies  Reject  assemblies  are 
stacked,  :n  order  until  a  given  number,  15  for 
example,  have  accumulated  The  turntable  would 
then  cease  to  operate  until  the  rejected  assemblies 
were  manually  unloaded  The  tags  would  be  typed 
m  proper  sequence,  and  would  be  manually  at¬ 
tached  to  the  rejected  assemblies  when  they  were 
removed  This  mode  v>  shown  in  figure  VIII-2 
Operation  would  be  as  follow's 
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lb*  Operation  that  is  relatively  expensive  and  Figure  Vlll-2.  Rotary  turntable,  oscillator/amplifier 
cumbersome  tester. 


m 


% 


Two  E-heads  are  tested  simultaneously,  re¬ 
quiring  approximately  40  s  During  this  period,  the 
operator  places  the  two  assemblies  to  be  tested  into 
sockets  on  the  turntab'e  At  the  complet'on  of  the 
test  cycle,  the  turntable  indexes  (two  stations) — 
provided,  of  course,  that  two  additional  assemblies 
have  been  inserted  by  the  operator  The  tester 
assemblies  are  now  a*  the  reject  station,  where  anv 
units  failing  to  pass  the  tests  will  be  automatically 
stacked  ..1  the  reject  rack  At  the  next  index,  the 
assemblies  are  ejected  into  a  cartridge  or  magazine 

This  svstem  otters  the  following  features 
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Figure  Vlll-3.  Rotary  turntable,  horizontal  mode, 
oscillator/amplifier  tester. 


(a)  Relatively  inexpensive  and  simple 
operation 

<b>  Low  rates  (approximately  160  units  per 
hour,  iheretore  at  least  four  systems  are  rtxpiiied  in 
production) 

(cl  From  (b)  above,  a:  *?ast  tour  operators, 
plus  one  support  per*  on,  woj'd  Iv  required 

(d)  Elimination  of  operate*'  decision  in  placing 
reiects  ir.:o  proper  rack 

(e>  Prolix  lion  ot  p'oducti  >n  flow  dm*  to  tester 
dow  n  t.me.  since  several  testers  an*  employed 

Po;,in  Tumljble—Hon/ont  il  \fodt — This 
appro Kh  is  a  variation  ot  the  rpiarv  turntable  ap¬ 
proach.  but  here  the  sockets  travel  horizontally 
This  mode  which  has  all  the  advantages  listed 
above,  but  permits  the  preser.l  modular  stacked 
design  ot  the  ‘ester  to  remain,  is  shown  m  t*gure 
Vtl!-3. 


bt\jr  —In  this  mode  several  cham¬ 

bers  are  used  vrilh  electronics  muhiplexed  Here, 
one  or  more  operators  load  oscillator,  <1  Tiplifior 
ass**mbhes  into  sockets  or  the  linear  machii.?  while 
other  units  are  being  tested  At  the  end  ot  the  test 
'  t  k*,  the  tested  units  index  to  a  reject  station 
wl  »re  units  lha;  have-  tailed  die  tests  are  automati¬ 
cally  unloackxi  tin  proper  -equerxc-i  into  special 
rc  ject  racks  At  the  next  index  cvcle  the  assemblies 
are  presented  tc  th^  jtomalic  unloading  station 
where  thev  are  stacked  into  cartridge*  or  maga 
,-ines  This  mode  is  show  n  in  figure  Vlll-4 
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Figure  Vlll-4  linear  indexer,  osdllator/amplifier 
tester. 


Thi>  a  err  ottess  the  follc.vmg  benefits  and 
h".ii  Hions 

av  Simple  operation,  somewhat  more  expen¬ 
sive  i  per  unit  i  than  the  automatic  teed  approach 

(b»  High  rates,  depending  on  numb  .x  ot 
chambers  and  amount  of  multiplex.rg  As*  jmmg 
lout  chambers  with  a  40-s  test  cycle,  an  approxi¬ 
mate  production  rate  of  320  assemblies/hr  is  ex¬ 
pected,  with  one  operator  Two  such  lines  would 
be  required  with  eight  chambers,  production  rate 
would  be  doubled,  but  two  operators  would  be 
required 

ic)  From  tb)  above,  requirement  of  at  least 
two  operators,  plus  one  support  person 
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td>  Elimination  of  operator  decis  on  n  plac  *ng 
rejects  into  proper  rack 

(e)  Protection  of  productio  flow  with  two 
systems,  in  evert  erf  down  time 

(f  Modular  design  possible  for  testers,  permit¬ 
ting  quick  plug-in  of  tester  or  chamber  in  the  event 
of  a  problem  In  add-tion  an*,  given  chamber  mav 
te  bv passed  bv  blocking  ott  its  related  loading 
station 

tgj  VenaMv  pe*fnt*ted  in  testing  Bv  chang¬ 
ing  index  cveie,  assembl.es  mav  be  tested  in  two  (or 
more'  sequential  chambers  or  stations.  permitting 
certain  «ests  to  tie  rur.  concurrcntlv  at  duferent 
stations  This  mav  increase  rate  and  reduce  com¬ 
plexity  of  multiplexing 

Belt  thnejrl  — This  approach  is  similar  »o  the 
linear  indexer  approach  above,  differing  oni;  in 
configuration  Th**  system  offers  all  the  various 
advantages  and  disadvantages  listed  above,  with 
the  exception  that  it  is  less  expensive  aiid  more 
compact  The  linear  belt  system  is  shown  in  figure 
Vlilo 
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Figure  VIH-5.  linear  belt,  osdIUtor/amplifi-*  tester. 

Belt  (l mca r- Horizontal  Mode!  --This  system 
is  also  similar  to  the  linear  indexer  approach  with 
the  same  basic  operation 

Other  methods  examined  included  the  use  oi 
temporary  connectors,  mtiluple  connector  boards, 
etc  ,  but  vve'C  evaluated  as  having  no  p:  marv 
advantage 

Of  the  several  methods  investigated,  the  Last 
two,  be* l  (linear)  and  belt  (linear-horizontal)  ar<* 


recommended  as  best  meeting  prodi  c«-on  require¬ 
ments  with  a  mmimum  of  capital  equipment  costs 
and  a  mirTtnim  number  cl  operating  personnel 

In  addition,  it  is  cooceivaWe  that  opera'un 
could  be  complcielv  automatic—  i  e .  autocratic 
feed  cf  assemblies  to  the  drive  belt,  but  this  would 
require  an  attendant,  thu>  reducing  the  total  pavoff 
of  such  a  riev  ice  In  aduiitcn  due  to  the  nature  of 
the  product,  this  type  of  element  could  be  expected 
to  be  cumbersome  and  troublesome,  although, 
with  some  teture  product  rK*s*gn  of  the  fuze  a 
reliable,  etf.<*«ii  teeder  could  late*  be-  installed 

From  a  tcaa.  systems  approach,  manual  ‘ced¬ 
ing  is  jdv^ibie--at  this  sta^e— because  a  relafveh 
minor  manual  operation  pre  •  e*krs  this  test  This 
operation  is  the  breaking  off  of  the  fill  tube  (from 
poking),  and  rouid  easily  be  comb  ned  with  feeding 
*<>  :he  tester,  thus  combining  the  operations 


V/ 1  1-4.2  Oscillator  Tester 

The  oscillator  tester  oertoims  the  functa>nal 
tests  on  the  antenna/osoHater  assemblv  The  tester 
provides  the  assembly  under  test  with  the  specified 
operating  power  and  environment  The  functional 
tests  consist  of  measurentent  ot 

(1)  dc  current. 

t2‘  detector  output  voltage 

»3)  d power,  and 

(4)  rf  trequency  ana  v<*m!tivil> 

Corner  Frequcnn  Test  (pre*eot  method!  -  - 
First,  dc  power  is  applied  wain  t  1  -mm  time  delav 

The  rt  eoergv  from  the  fuze  antenna  is  iKo 
coupled  to  the  nvxer  vi*.  the  probe.  The  mol  O' 
driver,  swept  oscillator  (LG)  is  stepped  when  an 
output  is  detected  at  the  60-MKz 
amplifier /del et lor  The  outout  of  the  LO  is  precal- 
ibrated  and  mastered  cr.  a  frequency  counter  bee 
f-g  Vtll-6) 


ROTATING 


0.5  VdC 


Vmin  and  V„u»  (fig.  VIII-8)  the  AND  gate  is  output, 
and  a  lamp  driver  is  turned  on,  indicating  that  the 
oscillator  is  within  specification. 


Figure  VIII-8.  Discriminator  output. 


Figure  VIII-6.  Carrier  frequency  test  diagram  (present 
method). 


Carrier  Frequency  Test  (proposed  method). — 
No  change  to  the  existing  test  chamber  is  required 
(see  fig.  VIII-7). 


Figure  VIII-7.  Carrier  frequency  test  diagram 
(proposed  method). 

The  rf  carrier  is  coupled  to  an  rf  amplifier  by 
the  existing  coupling  probe  on  the  right-hand  wall 
of  the  chamber.  The  amplified  signal  is  directed  to  a 
frequency  discriminator  with  an  output  voltage  pro¬ 
portional  to  frequency.  The  output  voltage  of  the 
discriminator  drives  an  adjustable  threshold  com¬ 
parator  circuit.  The  comparator  circuit  determines 
whether  the  voltage  from  the  discriminator  lies 
between  Vmi„  and  Vna<.  If  the  voltage  is  between 


Measurement  of  Anterior /Oscillator  Operat¬ 
ing  Current. — The  measurement  of  anterior /oscil¬ 
lator  current  can  be  done  using  the  present  tech¬ 
nique,  with  the  possible  exception  of  the  addition  of 
a  Co/ No-Go  lamp  on  the  test  console,  indicating 
that  current  is  within  specification  limits. 

Measurement  of  Radiated  Power. — The  radi¬ 
ated  rf  power  is  received  by  the  dipole  and  rf 
detector  assembly  on  the  rear  wall  of  the  chamber. 
This  measurement  is  presently  made  by  reading  the 
calibrated  detector  output  on  a  digital  voltmeter.  A 
Go/ No-Go  test  can  be  implemented  which  lights  a 
lamp  on  the  console  when  the  detector  output 
reaches  a  level  equivalent  to  the  required  minimum 
of  1 50-mW  rf  output  power. 

Sensitivity  Adjustment. — The  sensitivity  ad¬ 
justment  is  made  by  simulating  a  doppler  signal  and 
adjusting  the  rf  coupling  to  the  antenna  and  the 
oscillator  for  optimum  fuze  detector  output.  The 
doppler  signal  is  simulated  by  spinning  a  dipole 
antenna  at  the  top  of  the  chamber  at  3600  rpm. 
This  is  then  equivalent  to  a  constant  doppler  re¬ 
flected  signal  of  120  Hz  seen  at  the  antenna 
terminal. 

The  oscillator  sensitivity  is  a  function  of  the 
transistor  parameters:  mainly,  transistor  fT,  other 
circuit  component  parameters,  dielectric  constant 
and  thickness  tolerances  of  the  copper-clad  board 
material,  and  the  effects  of  the  potting  material. 
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Oscillator  sensitivity  adjustment  is  very  diffi¬ 
cult  to  automate  because  it  involves  the  manual 
operation  of  connecting  the  capacitor  parts.  One 
method  of  making  this  adjustment  is  to  bridge  the 
gaps  between  the  pads  with  conductive  paint;  how¬ 
ever,  the  resistivity  of  conductive  paint  normally 
changes  with  drying  time.  Another  method  is  to 
connect  the  pads  before  testing  and  remove  the 
connections  during  test.  The  third  alternative  is  to 
empirically  determine  which  pad  connection  will 
allow  a  majority  of  the  assemblies  to  meet  the 
specification  and  make  this  adjustment  on  all  fuzes 
prior  to  test.  The  tester  can  then  be  automated  for  a 
Go/No-Go  sensitivity  measurement.  The  assem¬ 
blies  that  pass  can  be  diverted  to  manual  test 
positions  for  adjustment.  One  automatic  and  one 
manual  test  position  would  be  required.  Supporting 
argument  for  this  last  approach  is  as  follows. 

Figures  VIII-3  and  -9  show  the  correlation 
between  oscillator  sensitivity  change  after  potting 
and  transistor  fT.  It  shows  that  if  the  mean  sensitivity 
is  adjusted  13  percent  high  before  potting  (mean 
value  of  1 1 3  mV) ,  and  the  transistor  fT  varies  from 
700  to  1 300  MHz  in  any  lot,  then  the  sensitivity  will 
vary  approximately  ±10  percent  (±10  mV).  The 
specification  limits  for  sensitivity  are  approximately 
±  40  percent. 

This  allows  approximately  ±  30-percent 
change  in  sensitivity  with  transistor  fT  and  other 
circuit  parameters.  If  the  change  in  sensitivity  with 


fr  and  other  circuit  parameters  were  empirically 
determined,  this  would  allow  presetting  the  sensi¬ 
tivity  adjustment  before  assembly  with  maximized 
production  yield. 


Figure  VIII-9.  Correlation  between  sensitivity  change 
after  potting  and  transistor-  fT  data  obtained  from 
HDL. 

VIII-5.  Conclusions 

A  facility  should  be  assembled  to  prove  that  a 
high-volume  1 00-percent  testing  system  will  elec¬ 
trically  be  able  to  stimulate  the  fuze  or  module 
under  test  and  retrieve  the  results  of  the  reaction  so 
that  meaningful  decisions  on  the  unit's  performance 
can  be  readily  made. 
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Chapter  IX.  Centralized  Environmental  Validation  Test  Facility  for  HDL 

by  Abraham  Frydman 


IX-1.  Introduction 

IX- 1. 1  Summary  and  Update 

Fuze  design  at  HDL  has  included  "environ¬ 
mental''  testing  during  the  development  stages, 
even  though  it  may  not  have  been  thought  of  in 
those  particular  terms.  Such  tests  were  usually  se¬ 
lected  by  the  designer  and  ranged  from  simple, 
rigged  bench  tests  to  setback  tests  made  with  gas 
guns  and  centrifuges,  and  spin  tests  made  with 
appropriate  spinners  (more  recently  with  the  HDL 
artillery  simulators).  Advancements  in  the  gas  gun 
and  artillery  simulator  test  facilities/procedures 
demonstrated  their  credibility  for  validating  struc¬ 
tural  and  operational  design  reliability.  Good  corre¬ 
lation  between  laboratory  tests  and  subsequent 
field  tests  created  a  situation  in  which  the  fuze 
designer  eventually  placed  greater  emphasis  on 
preliminary  "environmental"  testing.  Of  course, 
the  preproduction-developed  fuze  was  still  run 
through  the  prescribed  MIL-STD  tests,  and  test 
plans  were  formulated  for  various  types  of  "buys" 
and  for  production  lot  acceptance  criteria.  To  a 
large  extent,  the  tests,  plans,  and  specifications, 
were  selected  by  the  program  manager  after  con¬ 
sultations  with  the  environmental  engineer. 

In  the  last  several  years,  the  HDL  environmen¬ 
tal  test  laboratory  equipment  and  capabilities  have 
been  modernized.  In  addition  to  the  conventional 
altitude-temperature-humidity  and  other  MIL-STD 
environments,  HDL  has  updated  its  facilities  by 
inclusion  of  impact-type  testers  and  various  types  of 
analog  and  digital  computer-operated  shaker  sys¬ 
tems.  There  has  also  been  increased  emphasis  on 
innovative  and  time-saving  test  methods  such  as 
transient  waveform  control  (TWO,  shock  spectrum 
syntl i*  s  (SSS),  random  vibration  testing,  and  mo¬ 
dal  test  and  analysis. 

The  proposed  PVF  provides  the  opportunity  to 
restructure  and  reorient  the  present  operations  to 
optimize  existing  goals.  To  start  with,  the  environ¬ 
mental  engineer  will  be  able  to  provide  much 


greater  support  to  the  fuze  designer  in  the  selection 
and  timing  of  proper  environmental  tests  and  to  do 
so  throughout  the  development  cycle.  In  addition, 
the  environmental  engineer  will,  through  familiarity 
with  the  product  design,  be  able  to  select  and 
validate  reduced  MIL-STD  test  requirements  and,  in 
some  instances,  even  introduce  validated  nonstan¬ 
dard  tests  that  will  provide  considerable  cost  sav¬ 
ings  through  markedly  reduced  test  times. 

In  the  following  sections  of  this  chapter  it  will 
be  seen  that  considerable  use  is  expected  of  com¬ 
puterized  systems.  The  use  of  computers  is  a  feature 
that  even  in  a  limited  sense  would  be  a  powerful 
fuze  design  aid.  Its  support  role  for  environmental 
testing  will  be  readily  apparent  from  the  following 
descriptive  material.  It  should  be  equally  apprecia¬ 
ted  that  coupling  environmental  testing  throughout 
the  entire  fuze  development  cycle  and  into  the 
preproduction  runs  will  result  in  hardware  that 
provides  maximum  structural  integrity,  optimum 
environmental  durability,  and  operational  reliability 
validated  to  user-prescribed  battlefield  conditions. 

IX-1.2  General  Description,  Purpose,  and 
Concept 

The  foregoing  concept  is  concerned  with  the 
establishment  of  a  Centralized  Environmental  Vali¬ 
dation  Test  Laboratory  (CEVTL)  to  provide  test 
support  for  the  simulated  fuze  mass-production 
operations  performed  at  the  fuze  PVF.  The  pro¬ 
posed  CEVTL  will  use  dedicated  computer  equip¬ 
ment  and  conventionally  controlled  environmental 
test  equipment  for  the  dual  purposes  of  performing 
accelerated  and  conventional  design  validation 
testing.  Emphasis  will  be  placed  on  the  accelerated 
test  method  in  order  to  reduce  turnaround  time 
by  an  estimated  factor  of  as  much  as  one-half . 
Also,  it  is  planned  to  upgrade  the  level  of  confi¬ 
dence  in  the  test  results  because  of  the  ability  to  test 
larger  lot  sizes  per  unit  time.  A  central  processing 
unit  (CPU)  will  rapidly  develop  test  data  bases  to  be 
used  to  validate  or  reject  prototype  fuzes/subas¬ 
semblies  or  fuzes  under  development,  based  on 
proof  of  design,  overdesign  limits,  design  to  cost,  or 
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similar  types  of  acceptance  criteria.  To  reduce 
production  costs  for  a  particular  fuze  design,  limited 
numbers  of  prototype  fuzes  will  be  manufactured 
using  production-line  techniques  as  opposed  to  the, 
conventional  method,  which  resorts  to  custom- 
made  tool-room  techniques.  These  simulated 
production  runs  early  in  the  development  stage  will 
identify  and  fix  potential  production-line  problems, 
demonstrate  the  mass-producibility  of  a  particular 
design,  and  provide  quantitative  unit-cost  estimates 
before  the  Technical  Data  Package  (TDP)  is  re¬ 
leased  to  industry.  To  ensure,  however,  that 
product  reliability  has  not  been  compromised  by 
the  selected  production-line  techniques,  prototype 
fuzes/subassemblies  would  have  to  be  tested  to 
simulated  or  accelerated  service  life.  Thus,  test  data 
conveniently  collected  and  stored  within  the  CPU, 
when  analyzed  by  a  preprogrammed  mathematical 
model,  can  be  used  to  rapidly  ascertain  the 
adequacy/integrity  of  the  mass-produced  fuze.  If 
necessary,  the  mathematical  model  can  be  further 
extended  to  determine  the  probability  that  a  partic¬ 
ular  fuze  can  survive  the  rigorous  field-acceptance 
tests  which  are  used  to  determine  whether  the  fuze 
is  ultimately  approved  for  full-scale  production.  The 
mathematical  model  can  also  establish  confidence 
limits  for  the  fuze. 

Practical  developments  in  state-of-the-art  dy¬ 
namic  testing,  manifested  by  computer-based  tech¬ 
niques,  make  it  possible  to  rapidly  expose  proto¬ 
type  fuzes/subassemblies  to  simulated/equivalent 
field  damage.  For  example,  field  damage  resulting 
from  transportation  vibrations  can  be  measured  in  a 
matter  of  minutes  or  hours  rather  than  days  (the 
usual  time  for  acceptance  testing).  This  time  saving 
is  achieved  by  substituting  intense  random  vibra¬ 
tions  for  the  standard  harmonic  excitations.  This 
and  similar  test  techniques  (such  as  the  Shock- 
Transient  Waveform  Control  Testing  and  Airgun 
Testing)  skillfully  applied  can  minimize  pre- 
production  costs  by  scaling  down  the  magnitude  of 
field  testing  on  prototype  fuzes.  Furthermore,  readi¬ 
ness  is  improved  because  of  a  substantial  reduction 
in  assessment  time  as  well  as  ever-increasing 
computer-based  simulation  testing. 


The  concept  of  equivalent  testing,  although 
demonstrated  in  practice,''1  often  requires  extensive 
empirical  and  analytical  efforts  for  demonstration  of 
the  correlation  between  laboratory  and  field  tests. 
In  some  cases,  test  techniques  developed  for  one 
product  must  be  modified  in  order  to  apply  to 
others.  In  the  past,  such  an  effort  was  prohibited 
because  of  the  high  cost  of  prototype  fuzes.  How¬ 
ever,  the  availability  of  a  fuzing  PVF  (furnishing 
prototype  fuzes  and  components  at  economical 
unit  cost  and  in  sufficient  quantities  relatively  early 
in  the  production  stage)  is  expected  to  make  such  a 
correlation  effort  possible.  The  PVF  should  also 
provide  for  reasonable  lead  time  for  any  necessary 
redesign  modifications  before  the  TDP  is  released 
to  industry.  Such  modifications  may  also  include 
product  redesign  to  reduce  unit  cost  if  the  margin  of 
safety  is  determined  to  be  unreasonably  high. 

The  accelerated  testing  proposed  here  could 
be  performed  reliably  on  prototype  fuzes  at  various 
stages  of  production  without  interfering  with 
production-line  operations.  However,  it  is  recog¬ 
nized  that  terminal  phase  testing  of  the  end-item 
fuze(s)  is  the  most  cost  effective.  Therefore,  the 
CEVTL  will  be  designed  toward  performing  envi¬ 
ronmental  validation  testing  as  specified  for  the 
assembled  component/system,  such  as  for  first- 
article  acceptance  samples  of  thermally  condi¬ 
tioned  electronic  subassemblies  (E-heads),  impact 
switches,  and  fully  assembled  fuzes. 

The  proposed  CEVTL  will  resort  to  the  innova¬ 
tive  use  of  a  CPU  and  dedicated  digital  minicompu¬ 
ters  to  meet  three  primary  objectives: 

(a)  automatic  test  control/ monitoring  of  ad¬ 
vanced  simulation  test  equipment, 

(b)  data  acquisition  and  documentation  of  the 
raw  test  results,  and 

'W.  C.  Packer,  Equivalent  Techniques  for  Vibration  Test¬ 
ing,  Naval  Research  Laboratories,  SBM-9  (1972). 

'Cyril  M.  Harris  and  Charles  E.  Creed,  Shock  and  Vibra¬ 
tion  Handbook,  2nd  edition,  McGraw-Hill,  New  York 
(1961). 


90 


(c)  overall  evaluation  of  the  raw  test  results  in 
accordance  with  the  predetermined  criteria  to 
aid  in  decision-making  for  mass  producibility 
and  cost  effectiveness  of  the  fu/e  designs 
under  consideration. 

To  meet  objective  (a),  the  CPU  will  be  used  partially 
as  a  library  source  for  storage  of  test-simulation 
axles  developed  especially  for  the  accelerated  test 
method.  As  an  example,  consider  the  use  of  the 
accelerated  test  method  to  simulate  rough  handling 
environments  in  the  field  that  are  characterized  by 
complex  shock  signatures  (damped  shock  tran¬ 
sients  with  variable  amplitude  and  frequency 
components).  Such  signatures — hereto  impractical 
to  generate  conventionally — can  now  be  synthes¬ 
ized  on  electrodynamic  vibration  generators  within 
minutes  using  computer-based  shock  TWC  test 
techniques.  To  simulate  the  same  environments 
conventionally,  one  would  have  to  resort  to  lengthy 
and  costly  field  and  laboratory  testing,  as  no  practi¬ 
cal  laboratory  test  methods  exist  now. 

Use  of  the  CPU  or  dedicated  mini-digital  com¬ 
puters  in  test  applications  to  meet  objectives  (b)  and 
(c)  is  clear.  The  CPU  referred  to  here  is  a  POP 
1 1  / 45  computer  and  peripherals  or  other  remotely 
connected  ADP  equipment  having  equivalent  com¬ 
putational  capabilities. 

summary,  proximity  environmental  valida¬ 
tion  sting  capabilities  can  be  reliably  incorporated 
in  the  fuzing  PVF  operations.  Using  conventional 
and  special  test  equipment  operating  under  a  local 
controller,  prototype  fuzes  and  subassemblies 
would  be  tested  at  the  final  level  of  assembly  (unless 
otherwise  specified)  to  assess  the  mass  producibility 
and  cost  effectiveness  of  a  particular  design.  Raw 
test  data  for  a  limited  lot  size  will  be  entered  into  a 
centralized  data  bank  and  analyzed  to  determine 
proof  of  design,  design  margin,  and  possible  modifi¬ 
cations  to  reduce  unit  cost. 

Tables  IX -1  and  -2  present  a  summary  of  the 
floor  plan,  test  equipment,  and  utilities  required  to 
support  the  proposed  CEVTL  (communication  lines 
to  CPU  not  shown).  The  same  test  equipment  is 
used  whether  or  not  accelerated  or  conventional 
testing  is  performed. 


The  proposed  cone  apt  for  environmental  vali¬ 
dation  testing  is  not  a  substitute  for  the  formal 
product  acceptance  tests.  Rather,  it  is  primarily 
intended  to  provide  a  means  for  quick  assessment 
of  a  particular  design,  indicating  whether  it  has 
been  compromised  by  mass-production  tech¬ 
niques,  without  the  need  for  costly  and  extensive 
field  tests  for  every  production  run.  Final  accep¬ 
tance  of  the  product  still  depends  on  compliance 
with  the  formal  field  tests. 


IX-2.  Environmental  Validation  Tests 

The  following  types  of  tests  are  proposed  in 
support  of  the  environmental  validation  process. 

(a)  Mechanical  vibrations — harmonic,  ran¬ 
dom,  and  mixed  mode1 — simulating  various 
transportation  environments  for  munitions 

(b)  Standard  mechanical  shock — simple, 
composite,  one-sided — simulating  rough  han¬ 
dling  of  munitions 

(c)  TWC  testing — nonstandard  mechanical 
shock— digital  control  techniques  used  to  syn¬ 
thesize  user's  specified  complex  shock 
signatures 

(d)  Shock  spectrum — primary,  residual,  and 
maxi-max — simulating  rough  handling  and 
other  high-shock  environments.  This  form  of 
testing  is  not  specified  in  military  standards, 
but  is  computed  from  field  data  for  a  specific 
fuze  environment 

(e)  Least  favorable  lest  method  response- 
composite  worst-case  shock  envelope  for  a 
multitude  of  field  conditions  used  primarily  to 
accelerate  test  time 

(0  Air  gun  launch  shock — simulated  gun  bal¬ 
listics,  including  spin  and  environmental  con¬ 
ditioning  effects 

(g)  Temperalure/humidity/thermal  shock— 
conditioned  thermal  cycling  to  simulate  field 
or  depot  storage  environments  and/or  dor- 
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mant  status  before  execution  of  dynamic 
testing 

(h)  Pressure/altitude  (vacuum)— simulating 
airborne  transport  of  munitions,  effectiveness 
of  moisture-resistant  seals,  etc 

(i)  Standard  rough-handling  shock — 5-ft  and 
simulated  40-ft  drop  tests,  quantified  jolt,  jum¬ 
ble.  etc 

(j)  Other— such  as  salt  spray — performed  to 
validate  corrosive  resistance  of  materials  to 
corrosive  storage  environments 

tX-2. 1  Testing  Procedure,  Documentation, 
and  Data  Analysis 

A  limited  quantity  of  prototype  fuzes/  subas¬ 
semblies  will  be  subjected  to  the  type  of  tests 
specified  in  section  2.  For  optimization  of  test 
operations,  the  smallest  (but  statistically  meaning¬ 
ful)  lot  size  will  be  tested  at  selected  test  stations.  As 
many  test  operations  as  technically  or  sequentially 
possible  will  be  run  concurrently,  such  as  multi¬ 
chamber  or  multi-shaker  control.  Such  automatic 
operations  will  require  computational/  processing* 
of  test  data,  retrieval,  storage,  and  CRT  display 
capabilities  accessible  from  the  testing  area.  Be¬ 
cause  of  the  automated  test  operations  proposed, 
between  two  and  three  mid-level  technicians  will 
be  required  to  perform  environmental  validation 
testing. 

tX-2.2  Environmental  Accelerated  Test  Design 

In  general,  no  accepted  specifications  exist  for 
accelerated  environmental  testing  of  electronic 
fuzes.  Guidelines  and  procedures  are  available  for 
accelerated  aging  environments  such  as  depot  stor¬ 
age  and  20-year  fatigue  life  for  shipboard  equip¬ 
ment.  In  most  cases,  however,  accelerated  testing 
for  specific  fuzes  will  have  to  be  developed  almost 
on  a  custom  basis  and,  to  be  effective,  this  will  have 
to  be  done  within  the  development  cycle  of  the 

*  To  the  extent  that  no  dedicated  computer  is  .n  ailable,  it 
is  proposal  that  this  fast  Ije  supported  by  an  HDL  POP 
t  U45 processor  or  et juivalent  A  DP  equipment. 


product.  The  design  of  such  tests  will  require  that 
original  work  be  done  in  areas  such  as  damage/ 
wear  mechanisms,  equivalent  deposition  of 
mechanical/thermal  energy,  exaggeration  factor 
theory,  and  statistical  correlation  techniques.  Efforts 
of  this  type  will  have  to  be  supported  concurrently 
with  actual  prototype  development  to  achieve  ulti¬ 
mate  potential  of  the  PVF  operations.  The  particular 
applicability  and  weighted  contributions  of  each  of 
the  operation/survivability  prototype  parameters 
will  have  to  be  evaluated  with  respect  to  the  spe¬ 
cific  product  and  to  the  particular  type  of  field 
environment  considered  most  demanding.  Valida¬ 
tion  tests  on  production  hardware  will  have  to  be 
performed  initially  (in  those  cases  where  existing  or 
relevant  data  can  be  obtained)  to  demonstrate  dam¬ 
age  equivalency  of  any  proposed/developed  accel¬ 
erated  test  procedures.  Eventually,  some  acceler¬ 
ated  tests  will  achieve  general  recognition  and 
reach  the  acceptance  level  of  the  current  MIL-STD 
tests. 

IX-2. 3  Standard  and  Nonstandard  Tests 

The  CEVTL  validation  process  will  include 
both  standard  and  nonstandard  tests.  Standard  tests 
are  usually  specified  in  considerable  detail  in  Mili¬ 
tary  Standards  (e.g.,  MIL-STD-810C,  MIL-STD-331) 
or  other  official  documents  such  as  procurement 
specification  control  drawings  (SCD's)  and 
ASTM/ANSI  codes.  As  a  result,  each  test  is  well- 
defined  in  its  requirements,  applications,  and  pur¬ 
poses.  Nonstandard  tests,  on  the  other  hand,  may 
also  be  quite  detailed  and  equally  valid  for  their 
intended  purpose;  nevertheless,  they  are  character¬ 
ized  by  user-defined  specifications.  Although  these 
tests  may  eventually  be  described  on  SCD's  delin¬ 
eating  specific  environments  for  a  given  fuze,  they 
are,  in  most  instances,  specific  to  a  particular  pro¬ 
gram  and  do  not  have  general  applicability. 

Quite  often,  such  environments  (tests)  are  re¬ 
quested  by  the  user  who  is  intimately  familiar  with 
the  field  environment,  or  they  are  introduced  by  the 
engineer/designer  following  successful  usage  dur¬ 
ing  development.  Developed  nonstandard  test 
plans  must  permit  flexibility  in  test  operations.  It 
may  be  expedient  (though  in  some  cases  absolutely 
necessary)  to  allow  contract  test  engineers  to  adapt 
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or  modify  test  facility  equipment  and  procedures. 
However,  ex|>erionce  and  a  thorough  knowledge  of 
the  product,  its  environment,  and  the  test  itself  are 
required  before  such  changes  can  be  adequately 
evaluated.  In  any  event,  test  plan  modifications 
should  be  discussed  with  the  environment  engineer 
and  receive  user  approval  before  the  start  of  con¬ 
tract  testing. 

Several  nonstandard  test  techniques  are  now 
more  widely  used  for  dynamic,  accelerated  testing. 
They  include  the  following. 

(a)  TWC  using  digitally  controlled  vibration 
generators  (used  to  simulate  user-prescribed  com¬ 
plex  acceleration  time  histories).  This  test  method 
can  be  used  successfully  to  simulate  a  variety  of 
complex  shock  events  that  are  readily  synthesized 
electronically.  However,  due  to  current  existing 
equipment  limitations,  this  method  cannot  be  ap¬ 
plied  for  shock  levels  exceeding  1 000  g. 

(b)  Shock  spectrum  testing  (simulating  the 
damage-dependent  frequency  content  of  a  com¬ 
plex  shock  event).  This  method  can  be  used  reliably 
to  generate  frequency  components  in  excess  of 
50,000  g. 

(c)  Interior  ballistic  techniques  (simulating  gun 
launch  shock/spin  effects)  using  various  types  of 
air/gas  guns  and  flight  boosters. 

(d)  Equivalent  vibration  damage  techniques 
(especially  effective  in  reducing  lest  time — typically 
from  hours  to  minutes). 


research  and  development  in  this  technology  and 
the  need  to  reduce  project  development /lest  costs. 

The  advantages  and  disadvantages  entailed  in 
the  two  test  methods  are  given  as  follows. 


Method  AdvenUgt 

Accelerated  Potential  reduction 
lett  of  test  time  by  SO 

percent  and  more 


Disadvantage 

Extensive  development 
effort  to  establish 
equivalency. 


Conventional  Procedure!  avail- 
test  able  and  valid 


Lengthy  (as  long  as 
1-1/4  months) 


Regardless  of  the  test  method  selected,  the  follow¬ 
ing  parameters  could  be  assessed  based  on  the 
proposed  concept  for  environmental  validation 
testing. 


•  Design /overdesign  limits  (system  level) 


•  Potential  mass-reproducibility  problems  af¬ 
fecting  design  integrity  (component  level) 

•  Cost  effectiveness  (versus  overdesign 
margins) 

fX-2. 4  Fixture  Design  and  Fabrication 

The  concept  of  environmental  testing  pro¬ 
posed  here  will  require  design  and  fabrication  of 
semi-universal  test  fixtures  to  permit  quick  adapt¬ 
ability  and  interchangeability  of  test  setups.  One 
advantage  of  universal  fixtures  is  the  cost  saving 
that  is  realized  when  they  are  already  available. 
However,  the  design  and  fabrication  of  an  ade- 
c.jate  stock  and  range  of  universal  fixtures  requires 
a  substantial  initial  supporting  engineering  effort. 


Accelerated  testing  usually  starts  with  the  one 
considered  environmentally  most  damage-inducing 
or  environmentally  most  failure-prone,  followed  by 
tests  of  decreasing  environmental  severity.  This 
may  be  justified  on  the  grounds  that  if  the  item 
survives  the  most  severe  test  it  will  probably  satisfy 
the  remaining  tests.  More  practically,  it  saves  test 
time  by  pinpointing  rather  quickly  any  defects  that 
require  reconsideration  or  redesign.  The  CEVTL 
computer  system  will  include  assessment  capability 
of  design /overdesign  margins  in  terms  of  confi¬ 
dence  levels.  It  is  expected  that  accelerated  testing 
will  become  more  prevalent  because  of  ongoing 


IX-3.  CEVTL  Personnel 

Test  operations  in  the  CEVTL  will  be  con¬ 
ducted  by  three  technicians  under  the  guidance  of 
two  professional  staff  members.  Each  technician 
will  perform  tests  assigned  to  his  station,  testing  the 
required  number  of  specimens  commensurate  with 
a  given  task.  To  minimize  cost,  tests  will  be  run 
concurrently  whenever  possible.  To  further  opti¬ 
mize  test  operations,  test  personnel  will  be  trained 
in  all  operations  applicable  to  their  grade  level.  The 
use  of  automated  equipment  for  operations  and 
documentation  will  offset  the  limited  staff  size. 
Staffing  does  not  require  additional  personnel. 
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Table  IX>1.  Test  Equipment  and  Ulillliet  in  Room  N-2  of  Proposed  CEVTt 


Item 

Depth 

(in.) 

Measurements 
Width  Height 
(in.)  (In.) 

Weight 

(lb) 

Electrical  Characteristics 

Volts  Phase  Amperes 

(1)  Rough  handling,.) 

48 

48 

3b 

300 

1 15 

1 

20 

(2)  Centrifuge 

60 

60 

— 

700 

330 

2 

20 

(3)  Impact/shock  tester 

32 

76 

180 

5000 

220 

2 

10 

(4)  Teletypewriter  with 

24 

36 

40 

80 

225 

1 

5 

CRT  display 

CRT  d 

(S)  5-ft  Drop  tester 

36 

46 

— 

500 

1 15 

1 

5 

(6)  40-ft  Drop  simulator 

36 

76 

180 

1000 

1 15 

1 

5 

(?)  Workbench 

— 

— 

— 

— 

— 

— 

— 

The  walls  and  ceilings  of  this  mom  must  provide  acoustical  isolation  to  70  dB.  The  noise  level  in  the  room  will  Ire 
approximately  95  dBA. 


Table  IX-2.  Test  Equipment  and  Utilities  in  Room  N-3  of  Proposed  CEVTL 


Item 

Measurements 
Depth  Length  Height 

(in.)  (in.)  (in.) 

Weight 

(lb) 

Volts 

Electrical  Characteristics 

Phase  Amps  Other 

Digital  control /monitor 
lest  system 

36 

66 

60 

500 

1  10 

1 

20 

3  circuits 

Teletypewriter  (with 

CRT  display) 

24 

36 

40 

80 

115 

1 

5 

— 

Disc  /library 

36 

36 

40 

80 

115 

1 

5 

— 

Power  amplifier 

36 

72 

— 

700 

220 

3 

450 

— 

Vibration  generator 

60(dia 

— 

60 

1500 

220 

3 

400 

— 

Heat  exchanger 
with  pump 

24 

24 

— 

300 

220 

1 

8.5 

Chilled  water, 
drain 

Pressure/ altitude 
chamber 

50 

45 

60 

700 

115 

1 

100 

— 

VSP  machine 

42 

48 

— 

700 

115 

1 

10 

Chilled  water, 
drain 

Temperature/humidity 
conditioning  chamber  (2) 

48 

48 

60 

200 

115 

1 

30 

- 

Temperature-conditioning 
chamber  (thermal  shock) 

60 

60 

60 

300 

115 

1 

50 

Work  benches  12) 

36 

72 

32 

200 

115 

1 

15 

File  cabinets  (2) 

36 

18 

42 

30 

— 

- 

— 

OesUs  (2) 

33 

60 

10 

100 

— 

1 

— 

Storage  cabinets  (5) 

20 

36 

72 

40 

- 

— 

— 
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Chapter  X. — Mechanical  Fabrication 

by  Harry  fc.  Hill,  Jr.,  Ciuy  T.  Appel, 
and  Paul  S.  Flosge 


X-1.  Introduction 

The  mechanical  fabrication  section  of  the  PVF 
will  provide  general  "production”  support  to  the 
other  PVF  technological  areas.  This  section  will 
fabricate  plastic  and  metal  parts,  tooling  equipment, 
and  fixtures;  perform  various  types  of  mechanical 
inspection;  and  be  responsible  for  the  mechanical 
maintenance  of  facility  equipment.  The  equipment 
includes  both  modern  general  shop  equipment  and 
some  that  is  applicable  to  high-volume  manufac¬ 
ture.  The  areas  that  make  up  the  mechanical  fabri¬ 
cation  section  are  general  shop,  inspection,  plastic 
molding,  automated  metal  removal,  die-casting, 
and  powder  metallurgy. 

Historically,  the  mechanical  fabrication  of 
electronic  fuze  prototypes  has  been  conducted  in 
the  HDL  shops  with  standard,  general-purpose  ma¬ 
chine  tools  (e.g.,  lathes  and  mills).  These  tools  have 
been  used  since  the  establishment  of  the  laborator¬ 
ies  during  World  War  II  and,  at  that  time,  most 
other  fuze  manufacturers  used  similar  equipment. 
The  past  25  years  have  seen  more  extensive  use  by 
industry  of  new  materials  and  processes  for  mass 
production  of  mechanical  components.  To  a  large 
extent,  this  change  has  resulted  from  the  increasing 
costs  of  materials  and  labor  that  have  spurred  the 
development  of  automatic  assembly  equipment 
and  material-saving  processes.  However,  the  man¬ 
ufacturing  methods  and  processes  for  electronic 
fuzing  have  not  kept  pace.  A  major  contributing 
factor  to  the  increasing  disparity  between  methods 
used  in  the  manufacture  of  fuzes  and  methods  used 
by  other  segments  of  industry  is  the  continued  use 
of  nonproduction  equipment,  primarily  involved  in 
the  metal  removal  techniques,  for  the  fabrication  of 
fuze  prototype  parts. 

High-speed,  material-saving  fabrication  proc¬ 
esses  also  have  not  been  fully  utilized  for  the 
fabrication  of  electronic  fuze  components.  Specifi¬ 
cally,  few  die-cast  or  powdered  metal  parts  are 


produced.  These  processes  have4,  however,  been 
widely  adopted  in  the  industrial  sector  for  high- 
volume  commercial  production  of  mechanical 
components. 

Die-casting  is  probably  the  fastest  of  all  casting 
processes  and  is  equal  to  stamping,  die-forging, 
plastic  molding,  powder  metallurgy,  and  screw  ma¬ 
chining  for  high-speed,  large  quantity  production. 
Even  while  achieving  high  production  rales,  die¬ 
casting  provides  close  tolerances  and  smooth  sur¬ 
faces  and  it  can  be  used  for  complex  parts  having 
thin  cross  sections.  Die-casting  requires  the  follow¬ 
ing  design  considerations.  Sections  need  to  be  uni¬ 
form  and  thin;  changes  in  thickness  should  be 
introduced  gradually.  Ample  fillets  must  be  pro¬ 
vided  and  undercuts  avoided.  Large,  thin,  flat  sec¬ 
tions  must  also  be  avoided  because  of  the  possibil¬ 
ity  of  warpage  as  the  castings  cool.*  The  most 
important  design  consideration  in  die-casting  is  the 
necessity  of  providing  drafts  (tapered  -vails)  that 
permit  part  ejection  from  the  die  and  removal  of 
core  rods.  These  design  considerations,  especially 
draft  provisions,  make  the  design  and  form  of  the 
die-cast  part  unique.  The  consideration  of  these 
design  peculiarities  must  be  included  during  the 
development  process. 

If  a  part  is  to  be  die-cast,  the  fit  of  that  part  and 
its  mating  parts  must  allow  for  draft  angles,  wall 
transitions,  and  allowable  undercuts  during  the  de¬ 
sign  process.  If  these  considerations  are  not  in¬ 
cluded  during  development,  the  use  of  die-casting 
will  either  be  precluded  or  require  subsequent  ex¬ 
pensive  change  orders  resulting  in  increased  cost 
and/or  program  delays. 

Industry  has  increased  considerably  its  use  of 
powdered  metal  parts  during  the  past  decade.  Al- 


‘ProfH'r  mold  design  is  requirt'd  to  minimise  the  ottur- 
renceof fxnusity  in  die-i.tstings. 
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though  the  basic  price  lor  powdered  metal  is  rela¬ 
tively  high,  its  nearly  complete  utilization  of  ma¬ 
terial  and  the  limited  need  for  subsequent  machin¬ 
ing  of  finished  parts  make  the  process  highly  com¬ 
petitive  with  other  methods.  Since  there  is  a  high 
associated  die  cost,  this  process  usually  necessitates 
production  runs  greater  than  1 0,000  parts  for  it  to 
bo  economical.  This  amount  is  exceeded  consider¬ 
ably  by  total  volume  requirements  for  most  fuze 
programs.  Again,  as  with  die-cast  parts,  certain 
limitations  are  placed  on  the  design  of  parts  for 
powdered  metal  fabrication.  Foremost,  from  the 
fuze  designer's  point  of  view,  are  the  effects  of  size 
and  shape  on  the  density  characteristics  of  the  end 
product.  The  number  of  levels  of  a  part  affects  the 
complexity  of  the  press  or  results  in  a  varied  density 
at  each  level.  Also,  sharp  radii  or  knife  edges  must 
be  avoided.  Uniform  shapes  can  be  accommo¬ 
dated  parallel  to  the  compacting  axis,  but  perpen¬ 
dicular  holes  and  threader!  sections  cannot  be  pro¬ 
vided  without  secondary  machining.  Some  consid¬ 
erations,  such  as  restrictions  on  holes  perpendicular 
to  the  compacting  axis,  are  well  defined;  others, 
such  as  restrictions  on  knife  edges  or  sharp  radii,  are 
judgements.  Many  of  the  judgements  are  baser!  on 
the  evaluation  of  tradeoffs  between  part  function, 
die  life,  die  material,  and  production  run  quantities. 
Design  of  one  component  to  compensate  for  the 
permitted  manufacturing  variations  of  another 
component,  performed  during  the  development 
phase,  achieves  a  low-cost  production  item;  at  the 
same  time,  it  establishes  a  valid  Technical  Data 
Package  tTDP)  and  proper,  reliable  fuze  function. 

The  equipment  necessary  for  the  general  shop 
support  includes  lathes,  mills,  drill  presses,  grinding 
machines,  a  jig-borer.  NC  equipment,  and  gear 
hobs.  The  gear  hobs  and  NC  equipment  will  be 
user!  in  the  manufacture  of  mechanical  compo¬ 
nents  for  fuzes  with  the  remainder  of  the  equipment 
used  primarily  to  make  tools  and  fixtures. 

Cost  factors  and  economic  operation  of  the 
facility  will  justify  the  initial  manufacture  of  compo¬ 
nents,  during  the  early  design /development  phases, 
on  equipment  other  than  production  equipment. 
Final  design  considerations  will  be  adjusted  for 
mass  producibility  of  the  end  items  as  made  on  the 


production-suited  machinery.  The  use  of  NC  lathes, 
mills,  and  machine  centers  lor  quantities  of  r>0  to 
200  in  many  instances  will  be  the  best  compromise. 
This  equipment  has  setup  times  and  manufacturing 
rates  that  fall  between  those  of  the  production 
equipment  and  the  manually  operated  equipment 
The  setup  time  typically  is  closer  to  that  of  auto¬ 
matic  equipment,  with  the  production  rates  closer 
to  those  of  manually  operated  equipment.  Parts 
tolerances  wil*  generally  vary  more  when  obtained 
from  automatic  equipment  than  will  those  obtained 
from  a  machinist.  A  machinist  compensates  for  tool 
wear  by  gaging  parts  frequently  and  altering  tool 
settings.  On  an  automatic  machine,  the  first  compo¬ 
nents  are  set  for  manufacture  near  one  tolerance 
extreme.  As  the  tooling  wears,  the  last  components 
come  off  the  line  near  the  other  tolerance  extreme. 

The  inspection  equipment  is  composed  exclu¬ 
sively  of  equipment  presently  in  operation  at  HDL. 
The  inspection  of  dies  and  tooling  used  throughout 
the  PVF  is  critical.  Dimensions  will  be  checked  and 
values  recorded  at  the  start  and  after  full  comple¬ 
tion  of  each  run.  All  data  will  be  entered  in  the 
computer  center  for  later  analysis.  Parts  will  be 
designed  so  that  they  can  be  made  efficiently  and 
economically.  To  achieve  this,  not  only  will  parts 
have  to  be  made  in  large  quantities,  but  tool  wear 
and  required  tool  changes  will  have  to  be  mini¬ 
mized.  This  is  implied  since  the  replacement  of 
tooling  after  several  thousand  pieces  on  a 
production  run  of  hundreds  of  thousands  increases 
the  cost  of  the  part.  Close  monitoring  of  tool  and  die 
wear  as  a  function  of  parts  produced  will  enable 
valid  extrapolation  of  ultimate  tool  and  die  life, 
predicated  on  the  information  gathered  in  making 
prototype  quantities  on  production  equipment. 

Statistical  analysis  of  component  size  variation 
as  a  function  of  all  facets  relating  to  specific  manu¬ 
facturing  methods  will  aid  the  designers  in  selecting 
the  process,  part  configurations,  and  design  toler¬ 
ances.  Similarly,  early  identification  of  parts  that 
exhibit  wide  size  variations  from  the  norm  will  aid 
the  designer  »n  identifying  areas  of  a  subassembly 
that  will  require  special  attention.  If  practical,  com¬ 
pensation  for  these  variations  w-ould  involve  rede¬ 
sign  of  components;  if  not,  another  process  would 
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ha.c-  to  lx  selected  Although  part  tost  Mould  be 
higher,  lirst  consideration  would  have  to  be  Junc¬ 
tional  operational  reliabilitv 

Accumulation  ot  tool  wear  data  will  also  de¬ 
termine  the  linn  at  which  tailing  should  be  rt- 
plac  ed,  prior  to  ‘he*  iranutac  tore  ol  out -ot -tolerance 
components  To  be  useful  the  knowledge1  must  be 
gained  from  high-sjK*eei  proeluction  equipment  to 
enable1  prediction  ot  tolerance  trends  that  will  ap 
pear  in  actual  jxoduction  In  addition,  gcxxl  uisjxx  - 
lion  data  entered  as  compute*!  roc  oids  w  ill  show  the 
precise  size  ot  the  components  that  we*nt  into 
proteHv jx*  tuzes  These  data  will  dixument  the  tact 
lh.it  assemblies  that  were  tested  we’re  retire  ent.i 
tixeotiheTDP 

A  further  be*ne*lit  ol  e  lose  inspection  eluting 
development  will  be*  the  establishment  >t  ae curate 
gaging  standards  lor  later  use  in  procuction  De¬ 
tailed  analvsis  ot  the  size  variations  ot  parts  in 
prexiut  lion  w  ill  result  in  the  use*  ot  C.o /No-Go  gage*s 
that  are  le*ss  costlv  and,  although  not  as  pre*e  ise*  are 
adequate  te*st  criteria  and  better  suile*d  tor  measure- 
me*nts  on  a  mass  prexluction  line 

The  plastic  molding  equ'pment  at  HDL  is  ade¬ 
quate  It  is  felt  that  the  equipment  is.  tor  the  most 
part,  adequate  for  fabricating  prototype  models  ot 
electronic  tuzes  U ith  this  equipment  there  would 
be  the  abili»\  to  fabricate  both  thermoplastic  and 
thcimoselling  plastic  parts.  Because  ot  their  special 
properties  and  the  c  ost  savings  in  the  use  ot  plastics, 
their  use  in  electronic  tuzes  has  been  seadiiv  in¬ 
creasing  The  availabihtv  ot  this  equipment  at  HDL 
has  led  to  the  use  ot  new  materials,  the  develop¬ 
ment  of  new  plastic  components,  and  the  replace¬ 
ment.  in  product-improvement  programs,  of  previ¬ 
ously  made  metal  parts  bv  plastic  parts  Much  ot 
this  work  has  been  on  nose  cones — the  major 
plastic  component  ol  electronic  tuzes  Currentlv 
work  is  being  done  to  develop  new  sealing  and 
joining  metnods  to  provde  a  strong,  weather-tight 
seal  at  the  nose-cone/ fuze-bodv  interface  Most  oi 
the  development  work  on  the  plastic  turbine  blades 
for  the  turboalternator  power  supplv  vs  as  done  at 
HDL 


One  promising  area  for  investigation  is  the  use 
of  plast-c  gears  and  pinions  m  S&A  devices,  al¬ 
though  the  plastics  used  must  be  compabWe  with 
the  gases  in  the  environment.  Plastic  molding  prom¬ 
ises  large  cost  savings  .n  this  area,  but  advances  are 
required  to  overcome  the  static-strength  and  creep- 
strength  limitations  of  present  materials  Also,  addi¬ 
tional  information  must  still  be  developed  on  the 
applications  and  limitations  of  pi 3stic -molded 
gears  A  specific  aspect  that  must  be  evaluated  is 
•he  effect  of  long-term  storage  For  this  evaluation 
to  be  done,  some  of  the  tests  will  have  to  be  made 
in  close  liaison  with  the  fuze  designers  Complete 
testing  and  evaluation  of  the  various  plastics  is  an 
absolute  necessity  lor  development  of  valid  TDP's 
New  plastics  are  being  introduced  continually,  and 
unless  comparisons  can  be  readilv  done  the  best 
material  may  not  be  specitied  With  the  PVF  in 
operation,  the  designer  can  readily  have  parts 
produced  from  several  materials,  enabling  him  to 
select  the  optimum  material  for  the  intended 
purpose 

The  metal  juris  fabrication  group  consists  ol 
three*  tvjx*s  ot  equipment  gear  hobs  screw  ma 
chines,  ind  chucking  mac  hires  Unfortunately ,  ex¬ 
pensive  gear  bobbing  *s  still  the  primary  method  tor 
manufacturing  gears  tur  electronic  tuzes  Some 
equipment  being  specified  tor  the  P\  F  will  be  used 
to  dev  elop  uiternativ  c  methods  to  gear  hobbirg  but 
until  these*  pnx  esses  tUe  developed  the  tacilitv 
must  have  this  equ'j>meni  HDL  d<x*s  have  or«  gear 
hob  nwc  bine  but  requues  puu  has*  ot  a  second  one 
to  prov  idc*  nec  essarv  ojx*rational  uevibi’itv  Besides 
providing  gear  components  lor  prototype  models 
the  equipment  will  pro.idc  gears  tor  use*  in  the 
development  oi  new  methods  ot  assembly  and 
fabrication  Inv litigation  ot  gear  operation  as  a 
function  ot  dimensional  tolerances  will  awl  the  de¬ 
signer  m  spec itv ing  these*  tolerance's  Permitting 
maximum  tolerances  toT  gears  th.it  will  still  pertorm 
relu’.biv  will  result  in  tower  rejects  longer  tool  litc* 
and  ov  erall  low  er  costs 

The  largest  numbers  ol  fabricated  parts  are 
probably  those  made  by  a  screw  nwc  hint*  These 
mat  hmes  produce  parts  from  anv  mat  hmable  n«- 


tonal  ihev  oner  production  rate*  o*  up  to  5000 
part**  fx*'  hour  and  ihev  maintain  high  accuracv 
For  optimum  use  ot  screw  machines  the  part**  must 
be  properlv  designed  This  again  requires  a  close 
working  relationship  between  the  designer  and  PV  F 
personnel  Since  the  ultimate  objective  is  the  devel¬ 
opment  ot  mass-prod ucilve  end  items  at  lowest 
cost  it  is  nec.ess.uv  that  produt  tion-oneniod  de¬ 
signs  be  introduced  at  the  earliest  practical  time 
This  require  fabrication  oi  designs  during  proto- 
tv  pe  development  attempting  small  quantilv 
production  feeding  prcxluclion  problems  back  to 
the  designer  and  redesign  tor  economic  a!  trouble 
.ree  production 

X-jf.  Description  of  General  Shop  Area 

The  general  shop  area  ot  the  PVF  contains 
equipment  that  will  be*  used  .n  the  fabrication  ot 
ligs  t.xtures  molds  and  dies  The  c*qu«pment  nec- 
esvirv  lor  this  support  activitv  Kcurrenflv  owned  bv 
HPl  The  required  equ:pnK*nt  includes  lathes 
mills  drill  presses  grinders  a  jig  borer  and  an 
elec  Inc  al  discharge  mac  hint-  ( t OM» 

The  semiautomatic  .wsemblv  equipment  pro- 
po«ed  lor  the  I’VF  rt*quirt>s  the  fabrication  ot  sjxx  ul 
jigs  and  fixtures  as  tooling  tor  the  rapid  accurate 
lex  ation  o*  c  omjxments  These  i*gs  and  fixtures  mav 
simplv  lx*  locating  pms  on  a  base  plate  or  max  be* 
complex  fixtures  roqumrtg  lexatmg  clamping  and 
rotating  c  oroponent  parts 

In  addition  to  the  |igs  jncf  fixtures  for  the 
semiautomatic  assemble  equipment  jigs  and  tix- 
t uic*s  wil*  lx*  required  lex  maru.il  assemble  opera 
lions  Recause  of  the  various  tvpes  ot  assemblies 
lli.it  dl  lx*  p»oductxf  m  the  PVF  these  a  sembK 
aids  are  necessarv  tor  i  tut  K*nt  operation 

The  fabric  ation  of  all  requi»c*d  comjxments  tor 
a  prototv  fx*  fuze  is  not  possible  in  the  PVF  on  the 
prtxijction  equipment  There  will  be  times  when 
scheduling  restrictions  or  economic  considerations 
will  lU'lilv  the  fabric alior  ot  components  on  the 
general  shop  equipment  This  can  nor  mails  be  done 
witn  the  equipment  iKcd  Equipment  in  HDl  s 
general  shop  will  also  lx*  empkned  as  appropriate 


to  supplement  PVF  facilities  when  higher  than  nor¬ 
mal  demands  occur 

The  molds  and  dies  used  lor  plastic  molding, 
die  casting,  and  powdered  metal  pressing  will  be 
fabricated  in  the  genera!  shop  area  In  addition  to 
the  standard  equipment,  a  jig  borer  and  EDM  are 
necessarv  for  this  work  The  ,ig  borer  will  produce 
items  requiring  close  tolerances  The  EDM  machine 
will  be  used  to  fabricate  dies  that  require  the  use  of 
extremelv  hard  materials 

The  grinding  equipment  is  used  pnmanlv  tor 
tool  forming  Two  exceptions  are  the  surface  grin¬ 
der  and  cvlindricaf  grinder  The  surface  grinder 
would  be  used  to  generate  fiat  surfaces  on  pgs  and 
molds  The  cvlmdncal  grinder  would  be  used  to 
fabricate  shafts  and  dowels  requiring  extremelv 
smooth  surface  finishes 

X-2. 1  Numerically  Controlled  Equipment 

Major  manufacturing  companies  .vcgraduallv 
realizing  that  numencallv  controlled  (NO 
production  equipment  is  not  just  a  glamorous  addi¬ 
tion  to  the  production  floor  but  a  real  work  horse 
With  todav  s  high  labor  costs  NC  equipment  tor 
mam  manutac  luring  operations  is  justitv  mg  its  large 
capital  expense  bv  returning  high  vields  Tvpical 
example's  ot  sav.ngs  that  have  been  experienced  bv 
the  use  of  NC  machining  TxCMi  are  shown  m  tabic* 
\- 1  Swings  are  attributed  mainiv  to  the  reduction 
of  setup  and  parts-handlmg  time  and  to  the  number 
of  uninterrupted  mac  hine-cuttmg  odes  that  can  be 
programmed  on  the  NC  machine  The  cO't  ot  labor 
tor  the  machine  time  lx>ih  conventional  and  NC, 
c  an  bo  tabu!  nod  bv  use  ot  the  current  hourlv  rate  as 
the  multiplication  factor  With  this  in  mind,  one  is 
sate  m  sav  mg  that  NC M  is  plav  mg  ..n  important  role 
»n  the  manufacture  oi  high- volume  items  of  which 
fuzes  are  an  example  The  advantages  ot  NCM  lie  m 
the  speed  and  accurac  v  ot  positioning,  part  configu¬ 
ration  momorx  planned  tooling  sequences,  and 
a utom.it k:  tool  changing  and  loading  performed 
mtegra II v  with  the  metal  removal  cvcle 

Designing  tuzes  lor  NC  metal  removal  during 
prototv  pe  development  will  be  enhanced  bv  the 


98 


ability  to  fabricate  the  part  on  a  typical  NC  machine 
that  will  run  through  the  projected  manufacturing 
c  ycle.  The  design  can  be  easily  changed  by  chang¬ 
ing  the  machine  computer  program.  The  designer 
will  become  intimately  familiar  with  manufacturing 
processes,  using  a  variety  of  NC  machine  configura¬ 
tions  presently  available  in  the  HDL  Engineering 
Support  Branch.  The  machine  configurations  that 
will  be  available  are  as  follows. 

(a)  Two-axis  continuous-path,  engine  lathe 
with  automatic  tool  changing  capability. 

(b)  Two-axis,  point-to-point,  single  spindle, 
drilling  machine  with  milling  capability. 

(c)  Three-axis,  continuous-path,  vertical  mill¬ 
ing  machine  with  linear  and  circular  interpolation  in 
the  control  system. 

(d)  Three-axis,  three-positioning,  two- 
continuous-path,  vertical  drilling  and  milling  ma¬ 
chine  with  a  position  indexing  tool  turr  et  with  linear 
and  circular  interpolation  for  continuous-path 
milling. 

(e)  Three-axis,  horizontal  spindle  machining 
center  with  an  automatic  tool  changer  (24-tool 
storage),  three-linear-axis  operation,  and  a  rotary 
indexing  table. 

(0  Punching  machine  with  a  rotary  automatic 
tool  changer  (26  stations). 

As  indicated  by  the  above  list,  the  designer  will 
have  turning,  drilling,  and  milling  metal  removal 
capabilities  with  which  to  prove  out  his  design 
under  realistic  NCM  processes. 


Table  X-1.  Time  Saving*  from  U»e  of  NC  Machining 
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X-2.2  Metal  Removal  Equipment 

Swiss  screw  machines  have  been  used  exten¬ 
sively  in  industry  in  the  production  of  electronic 
fuze  components.  Their  use  is  especially  applicable 
to  the  fabrication  of  extremely  accurate  slender 
parts  that  must  be  made  at  high  production  rales. 
These  machines  readily  cut  pivot  points,  back 
shoulders,  multiple  diameters,  tapers,  and  complex 
shapes. 

The  tooling  on  the  Swiss  screw  machine  is 
located  circumferentially  around  the  slock  being 
machined.  On  a  machine  with  five  tooling  loca¬ 
tions,  two  are  typically  employed  for  diameter 
turning,  and  the  remaining  three  are  available  for 
cutting-off  operations,  knurling,  chamfering,  etc. 
The  stock  is  held  by  a  rotating  collet  and  advanced 
to  the  cutting  tools  that  are  controlled  and  posi¬ 
tioned  by  cams.  By  coordinating  their  movement 
with  the  forward  movement  of  the  slock,  almost 
any  desired  shape  can  be  turned.  The  diameters  on 
slender  parts  can  be  held  to  0.0003  to  0.0005  in.; 
shoulder  length  can  be  held  to  ±0.0003  in. 

Many  standardized  attachments  that  are  avail¬ 
able  eliminate  other  complex  secondary  opera- 
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tions  Then*  include  the*  following  took  single 
point,  tV.t,  and  circular  form,  dolls,  cutoff,  counter¬ 
bores,  recessing,  chamfering,  milling,  threading, 
and  tapping  These  attachments  can  be  inter¬ 
changed  on  a  specific  piece  ot  equipment  but  are 
not  usualk  interchangeable  from  one  manufactur¬ 
er  s  machine*  to  another  To  minimize  tooling  costs 
and  provide  maximum  flexibility  it  is  best  to  pur¬ 
chase  the  two  machine's  necessary  lor  the  PVF  from 
one  manufacturer  However  the  quantities  of  parts 
to  be  produced  in  the  PVF  do  not  warrant  the 
additional  cost  ot  automatic  bar  feeds 

Several  manufacturers  provide  machines  tliat 
base  a  versatile  set  ot  extremelv  refined  attach¬ 
ments.  iVsncd  tooling  includes  c'oss  slides  tor 
form  tool*,  drilling.  coanterboring.  threading,  re- 
c  essmg,  knurling,  c  ytolt.  and  c  hamtermg  The  spec  - 
ilicalion  for  ,>ll  Swiss  screw  mach.nes  tor  the  PVF 
should  specify  chip  separators  Other  characteris¬ 
tics  that  should  Ik*  considered  in  the  specifications 
are  an  electromechanical  index  on  the  headstock 
anti  the  a<  ederator  headstock  spmdle  brake,  or 
three-cam  index  rapabilitv 

The  operating  time  ot  these  machines  for  a 
specific  fob  would  be  extremely  short  because 
production  rates  will  be  500  to  5000  parts  per  hour 
The  setup  time  tor  a  machine  can  take  4  to  10 
hours  dc|>cnding  on  the  complexity  of  the  part  to 
be  made  Hence  a  good  part  ot  the  time  in  this  area 
will  b»-  devoted  to  setup  rather  tlun  fabrication  A 
machinist  will  require  three  to  'our  weeks  ol  spe¬ 
cialized  training  to  develop  proficiency  in  setting  up 
these  machines 

•\  manually  loaded  chucking  machine  will  be 
required  to  perform  secondarv  operations  on  the* 
castings  and  powdered  metal  parts.  The*  macfiine 
should  accommodate  a  minimum  of  s»\  took  on  a 
basic  slide  and  have  a  separate  threading  attach¬ 
ment  S<x  era1  \C  chucking  machi  tts  are  cur  rent!  v 
manutacturod  that  would  satistv  the  needs  ot  the 
P\*  If  an  NC  chucking  machine  were  selected,  a 
separate  threading  attachment  would  not  be 
needed  but  an  eight-tool  turret  would  be  needed 
A  typical  setup  time  on  anv  chucking  machine  is 
three  hour%  for  a  single  operation 


X-2.3  inspection 

HDL  has  substantial  sophisticated  mechanical 
inspection  <*qu*pment  that  will  support  the  PVF, 
particularly  for  measurements  of  small  parts  Much 
of  *fie  equipment  measures  linear  and  angular  di¬ 
mensions.  This  area  will  provide  precise  dimension 
information  that  will  be  necessary  in  setting  up 
tolerance  requirements  for  the  ?VF-prodjced  parts 
Ot  special  interest  to  the  PVF  are  the  Bendix  Shef¬ 
field  Corda>  Inspection  Machines  These  machines 
operate  using  the  Cordax  program  run  on  a  Digital 
PDP-8  minicomputer  for  «ecordmg  positions  and 
converting  these  measurements  into  dimensions 
such  as  height,  length,  width,  diameter,  radius,  and 
angle  The  PDP-8  operates  in  a  time  share  mode 
while  running  Cordax  to  provide  general-purpose 
computational  facilities  using  BASIC  and  other 
language's 

On  order  for  one  of  these  Cordax  machines  is 
an  automatic  drive  system  with  automatic  probe 
sensing  The  probe  will  automatically  be  positioned 
on «»  part  to  measure  any  number  of  desired  dimen¬ 
sions  With  this  sv  stem,  a  running  inventory  of  all 
prototv  pe  parts  and  dimensional  characteristics 
sent  through  inspection  will  be  logged  into  the 
computer,  reflecting  pan  dimension  changes  during 
the  prototype  run.  Computer  program  analysis  of 
these  data  records  will  be  extrapolated  to  project 
these  changes  to  forecast  toe!  life  and  other  usefui 
production-line  information  During  prototype  de¬ 
velopment,  the  da’a  m  computer  borage  will  be 
analyzed  along  with  other  test  data  to  statistically 
correlate  fuze  performance  and  part  dimensional 
characteristics 


X-2.4  PUstic  Molding 

The '  ao  broad  classifications  of  plastic  materi¬ 
als  are  thermosetting  and  thermoplastic 
compounds. 

Thermosetting  compounds  produce  a  product 
that  takes  form  and  a  permanent  set  within  a  mold 
bv  simultaneous  application  of  heat  and  pressuie 
The  compound  is  presoftened  by  heating  and  then 
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hardened  b\  pol\me*nzation  through  the  applica¬ 
tion  o?  additional  heat  and  pressure 

Thefntopfo'lic  compounds,  however,  un¬ 
dergo  no  chemical  change  in  molding  Thermoplas¬ 
tics  are  softened  at  elevated  temperatures  and  re¬ 
main  soft  until  cooled 

Plastic  materials  dilter  wideh  from  one*  in- 
other,  e\  en  w  ithm  the  two  specittc  categories  Their 
individual  characteristics  adapt  to  mans  processing 
methods  compression  molding,  transter  molding, 
injection  molding,  |el  molding,  casting,  extrusion 
blow  .ng,  and  laminating  All  the  plastic  materials 
can  be  fabricated  b\  more  than  one  method,  al¬ 
though  one  process  is  usuallv  much  better  than  the 
others  Compression,  transfer,  and  injection  mold¬ 
ing  are  lh**  three  processing  method*,  that  are  most 
often  used  in  fabricating  electronic  luze  comj>o- 
nents  The  molding  material  is  purchased  c&u.rr'i- 
oallv  m  powder  or  granular  form  However,  two 
processes,  compression  and  transter  molding,  re¬ 
quire  preforming  ot  the  plastic  This  preforming 
compresses  the  powder  into  pdl<*ts  of  uniform 
densitv  and  weight  The  size  and  shajH*  ot  the 
pellets  are  related  to  the  size  and  shape  of  the  mold 
cavitv  that  will  be  used  in  the  linal  operation  The 
advantages  ot  preforms  are  to  facilitate  rapid  load¬ 
ing.  minimize  waste,  and  negate  the  p<»ssibiliiv  ot 
mold  damage  due  to  overloading  Two  tv  pox  <»! 
prelormmg  presses  exist  rotarv  and  recip'ocatmg 
A  rotarv  press  is  a  multi-stage  multi-die  machine' 
that  produce's  items  at  a  high  rate  Pellets  produced 
on  the  rotarv  press  ha\  e  the*  same  charac  teiistics  as 
those  prothiced  on  reciprocating  r-achmes  The 
reciprocating  mac  bine's  have  a  much  lower  out  {Hit 
rate  but  thev  require  onlv  one*  die.  and  die*s  can  be' 
changed  qukUv  Th.s  is  a  distinct  advantage  in 
proiotvpe  fabrication,  w  lh  its  multiple  programs 
and  ireque*nt  design  change's  Changeover  rcquite- 
ments.  the  011x1  for  tewer  die's,  and  less  emphasis 
on  high  rate  production  dictate  selection  ot  the 
reciprocating  machine  tor  the  PVF  The  proper 
choice  of  presses  j<>i  industrial  application  is  not  as 
obv  mi's 


material  m  a  healed  mold  As  the  mold  closes, 
pressure  is  applied  to  the  softened  material,  forcing 
it  to  flow  and  conform  to  the  sl*ape  u'  *he  mold.  The 
initial  material  may  be  either  granular  or  a  preform 
Thermosetting  compounds  are  normally  used,  since 
the  requeed  rapid  heating  and  cooling  of  the  mold 
makes  a  thermoplastic  compound  less  suited  to  this 
process  Prc*ssures  normally  used  in  compression 
molding  are  between  1 00  and  8000  psi.  depending 
on  the  material  and  size  ot  the  part  The  tempera¬ 
ture  range  of  the  molds  is  from  250  to  400  F  (about 
121  to  204  O  and  is  achieved  either  bv  directlv 
heating  the  mold  or  by  heat  transfer  from  heated 
platens  The  heat  is  supplied  bv  steam,  heated 
liquids,  electrical  res.stance.  or  ultra-high- 
troquency  electric  currents 

Presses  tor  compression  molding  fall  into 
three  category's  hand  operated,  semiautomatic, 
and  automatic  Automatic  presse*s  are  required  on 
production  line*  lo  meet  high-volume  output  rates 
The  parts  produced  on  automatic  presses  are  quite 
uniform  because'  liming  and  feeding  of  raw  mater1- 
als  is  highly  repetitive  and  automatically  controlled 
Semiautomatic  presses  operate  automatically  for 
one  cvcle.  but  the*n  require  manual  loading  and 
unloading  The  automatic  cvclmg  of  the  molding 
process  on  a  semiautomatic  press  eliminates  some 
operator-induced  variations  The  use  of  preforms 
on  a  semiautomatic  press  aids  the  production  of 
umtormh  similar  parts  that  duplicate  those 
produced  on  an  automatic  compression  molding 
press 

The  semiautomatic  press  is  best  suited  tor  the 
PVF  It  produc  es  parts  w  hie  h  quite  accurately  dupli¬ 
cate  parts  produced  on  automatic  presses  It  will 
require  no  additional  investment  because  HDL  cur- 
rcmilv  has  this  capability  If  the  increased  emphasis 
on  prototv  pe  validation  at  HDl  causes  an  increase 
m  the  demand  for  compression-molded  parts,  the 
addition  ot  automatic  controls  would  be  consid¬ 
ered  The  addition  of  automatic  controls  would 
aHow  higher  production  latcs  without  expansion  ot 


Con  pression  molding  «s  the  application  of  a  Transfer  molding  differs  from  compression 

comprcssiv  '*  torce  to  a  premeasured  amount  ot  molding  in  that  the  molding  material  is  initialh  in  a 


pressure  chamber  above  the  mold  cavity  The  ma¬ 
terial  is  plasticized  bv  heat  and  pressure  and  slowly 
injected  into  the  mold  cavitv  where  it  is  cured  and 
hardened  Transfer  molding  is  excellent  for 
production  of  parts  having  intricate  shapes  and 
'arge  cross-section  variations  The  process  is  also 
useful  for  parts  that  require  small  metal  inserts, 
since  the  hot  plasfc  enters  the  mold  slowlv,  at  low 
pressure  This  process  differs  trom  injection  mold¬ 
ing  of  thermoplastic  materials  m  that  the  mold  is 
kept  heated  at  all  times  ai>d  parts  are  ejected 
without  ccolir.g  HDL  currently  operates  several 
presses  ot  this  npc,  ranging  trom  a  manualk  oper¬ 
ated  100-ton  hydraulic  press  to  several  30-ton 
semiautomatic  presses  The  existing  capabilities  are 
considered  adequate  tor  the  PVF  operation 

Injection-molding  machines  have  the  highest 
production  rates,  up  to  330  shots  per  hour  This 
production  rate  allows  the  use  ot  single-cavitv 
molds  and  reduces  molding  costs  The  operation  of 
these  machines  is  the  same  tor  thermoplastic  and 
thermosetting  compounds  The  molding  compound 
is  contained  in  a  hopper  and  fed  bv  gravitv  into  a 
metering  device  This  measured  charge  is  then 
heated  in  a  heating  chamber  that  operates  at  230  to 
500  F  (about  121  to  260  0.  depending  on  the 
materia^  usee  3nd  the  mold  size  The  heating  cham¬ 
ber  contains  a  torpedo- 1  ike  spreads  that  causes  a 
thin  lave:  ni  material  to  be  heated  rapidlv  and 
umto.mi'  The  ram  moves  lorward  to  inject  the 
plasticized  material  at  pressures  as  high  as  30,000 
ps>  Thermoplastic  materials  are  generailv  used  m 
injection  molding  Thev  have  low  material  loss 
since  the  gate  and  sprue  material  are  reused  The 
mold  is  maintained  bv  simulating  water  at  a  con¬ 
stant  temperature  selected  at  165  to  200  F  (about 
'4  to  93  O  Since  i»  «s  not  aliemaielv  hea«ed  and 
cooled  the  production  rate  mav  be*  two  to  six  snots 
per  minute  a  significant  increase  over  compression 
molding  HDlcurrer»k  operates  several  injection - 
molding  machines 

Ar.  additional  injection- molding  machine  of 
1-oz  capacitv  should  be  purchased  This  would 
replace  the  two  1-oz  manual-control  presses  cur- 
renth  in  operation  The  new  machine  would  be 
semiautomatic,  with  temperature  and  pressure  con¬ 


trols.  including  low-pressure  rniection  A  typical 
press  of  this  type  is  the  Hornet  Model  HVI  25RS, 
manufactured  by  Newbury  Industries 

HDL  currently  has  enough  auxiliary  equip¬ 
ment  to  support  the  plastic  molding  area  It  includes 
a  rolling  mill,  plastic  grinder,  tablet  maLer.  and 
several  heat  excliangers  tor  both  heating  and  cool¬ 
ing  molds 

X-2.5  OieCisting 

HDL  lias  no  capability  for  die  casting  it  this 
time  Die  casting  is  also  an  area  v\  here  considerable 
interest  his  been  indicated  bv  several  m-house 
groups  particularly  the  safely  and  arming  (S&At 
group  There  have  been  difficulties  in  securing  pro- 
lolvpe  (tarts  and  there  is  a  desire  to  be  more 
intimately  involved  with  the  process  than  is  possible 
when  dealing  with  contractors  The  tack  of  any 
capabilrtv  in  this  aica  greatlv  affects  equipment 
choices,  and  tends  to  male  decisions  divisible  into 
the  categories  of  immediate  minimal  needs  and 
additional,  more  advanc  ed  equ-pment 

For  the  most  part,  two  basic  types  of  allovsaie 
used  in  die-casl  fuze  parts  Thev  are  aluminum  and 
zinc  alloys  This  causes  a  basic  problem  since  each 
maieriai  requires  a  different  tvpe  of  die-castmg 
machine  The  hot-chamber  die-cas".-.g  machine  is 
used  lor  zinc,  and  the  cold-chamber  die-castmg 
machine  is  used  tor  aluminum  Molten  aluminum, 
because  ot  its  higher  temperature  and  reactivity, 
tends  to  attack  the  Meet  pumping  mechanism  of  a 
die-ca>iing  machine,  which  thus  requires  special 
conuruclion  A  cold-chamber  aluminum  machine 
requires  that  die  molten  aluminum  be  transferred 
into  the  pressure  cylinder  from  a  separate  melting 
pot  ior  each  mach.ne  cvcle  Bv  contrast,  a  hot- 
chamber  dic-casting  machine  has  the  pressure  cyl¬ 
inder  immersed  in  the  melhng  pot  so  that  no  molten 
metal  lians'er  is  needed  The  zinc  melting  pot  is 
therefore  an  integral  part  of  Ihc  dic-casting  ma¬ 
chine  The  advantage  of  a  hol-chamber  machine  is 
that  no  separate  melting  apparatus  is  required  and, 
because  no  metal  transfer  is  involved,  cvcle  limes 
on  a  hot-chamber  machine  are  faster  Zinc  can  be 
used  and  parts  cast  in  a  cold-chamber  machine  if 
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need  be,  bul  aluminum  cannot  be  used  in  a  hot- 
chamber  machine  Therefore,  all  other  consider¬ 
ations  aside,  it  would  seem  that  a  cold-chamber 
machine  would  be  the  type  to  purchase 

There  are,  however,  other  important  consid¬ 
erations  First,  most  of  the  die*cast  parts  (which 
tend  to  be  *mal!>  are  zinc,  and  zinc  is  the  easier 
metal  to  work  with  overall  Second,  the  cold- 
chamber  machines  generally  come  in  larger  sizes 
than  hot-chamber  machines  This  difference  further 
compounds  the  initial  inefficiency  of  fabricating 
ztnc  parts  in  a  cold  chamber  Therefore,  the  more 
practical  equipment  with  which  to  start  die  casting 
would  be  the  hot-chamber  zinc  die-casting  ma¬ 
chine  This  machine  could  be  included  with  the 
initial  PVF  equipment  procurement,  or  it  could  be 
added  in  the  future  Add.tional  equipment  would 
later  include  a  larger  cold-chamber  aluminum  die- 
castmg  machine  and  a  melting  furnace 

Another  process  in  die  casting  requires  trim¬ 
ming  flash  from  the  castings  This  can  be  done 
several  ways  First,  there  are  die-caslmg  machines 
that  incorporate  a  trimmer  in  their  design  Another 
way  of  trimming  is  to  use  a  trimming  press  The 
flash  can  also  be  trimmed  by  various  methods 
manually  if  necessary  It  is  preferable  to  secure  a 
press  with  a  tnmmer  included  If  this  is  not  possible, 
a  press  would  have  to  be  purchased  separately, 
since  a  relatively  large  number  of  parts  have  to  1** 
tnmmed  If  two  die-casting  machines  are  pur¬ 
chased— one  cold  chamber  and  one  hot  cham¬ 
ber — the  probability  of  having  an  integral  trimmer 
on  both  would  be  very  small,  so  a  lnmm>ng  pres< 
should  be  viewed  as  an  cv  entual  ne<  essn> 

The  maximum  number  of  die  castings  of  any 
one  part  produced  through  all  stages  of  develop¬ 
ment  will  be  5000  The  total  monthly  output  of  die 
castings  of  all  parts  should  not  exceed  3000  pieces 
The  maximum  part  weight  is  about  4  cz.  although 
most  parts  will  be  only  a  small  fraction  of  that 
weight 

A  relatively  new  phase  in  die  casting  is  in¬ 
jected  metal  assembly  The  two  parts  to  be  joined 
are  held  in  a  die  and  holding  fixture,  and  molten 


zinc  or  lead  alloy  is  injected  into  the  cavity  The 
spherical  shr.nkaga  of  the  injected  metal  provides  a 
mechanical  locking  of  the  parts  Because  the  proc¬ 
ess  does  not  rely  on  adhesion  or  bonding,  there  is 
no  need  for  special  cleaning  and  surface  prepara¬ 
tion  Parts  that  can  be  jo*ned  can  be  made  of  glass, 
brass,  aluminum,  steel,  and  nylor.  The  advantages 
of  this  process  are  high  speed  (up  to  1 100/hr), 
uniformity  of  assembly,  relaxed  tolerances  for  indi¬ 
vidual  parts,  no  finishing  operation  required,  and 
elimination  of  the  effect  of  operator  skill  on  the 
quality  and  strength  of  assembly. 

In  addition  to  the  joining  of  parts,  the  opera¬ 
tion  can  include  the  integral  forming  of  parts  by  use 
of  special  dies  to  form  cams,  flanges,  or  pinions  in 
the  same  process  Where  accuracy  is  important, 
tolerances  can  be  held  to  0  0005  m.  total  indicated 
runout  (TIR)  Tolerances  have  been  held  to  0.003 
TIR  during  the  assembly  of  a  brass  gear  to  a  shaft 
while  molding  the  pinion  The  volume  of  metal  that 
can  be  injected  limits  the  size  of  assemblies  Cur¬ 
rent  equipment  is  limited  to  0  6  in  1  of  molten  metal. 

Because  the  fixture  positions  each  part  inde¬ 
pendently.  tolerances  on  parts  ca~  be  relaxed  The 
strength  of  the  joint  does  not  depend  on  precise 
dimensions  of  the  component  Pails  held  together 
bv  this  process  rely  on  radial  and  axial  shrinkage 
Porous  materials  provide  ideal  locking  surfaces  be¬ 
cause  the  injected  metal  penetrates  the  voids  to 
provide  the  positive  lock.  For  smooth-surfaced  ma¬ 
terials,  some  provision  must  be  made  m  the  design 
for  gripper  areas  into  which  the  metal  can  contract 
This  can  be  provided  bv  annular  grooves,  dovetails, 
or  knurling 

A  list  follows  of  the  equipment  needed  to 
support  a  die- cast  mg  facility 

Minimum  Equipment  Needed 

Hot -chamber  zinc  die-casting  machine  (1). 

3.5  to  12  Ooz. 

Injection  assembly  machine  ( 1  > 

T  nmming  press  ( 1 ),  2  ton 


Additional  Equipment  Desired 

Cold-chamber  aluminum  die-casting  machine 

til  1 2 to 25 oz 

Melting/ladling  furnace  ( 1 1 

Tumbler /deflasher  1 1 1 
Materials 

Aluminum  jndzinc  ingot*-  die  lubricant,  abra- 

y\ es  etc 

Die-cast  mg  molds 
X-2. 6  Po  »  dcred  Metil 
\-J6l  Intnxiuctnm 

\  capability  lor  the  in-house  production  ot 
small  quantities  ot  powdered  metal  parts  would  aid 
the  fuze  de\elopment  programs  at  HDl  At  the 
present  time.  onlv  a  small  percentage  of  the  metal 
parts  that  <  ould  be*  made  using  powdered  metal  are 
being  made  bv  this  process  A  substantial  savings  in 
the  cost  ot  mass-produced  fuzes  wou  I  be  realized 
it  the  powdered  metal  process  were  being  used  to 
fabricalelu/c  parts 

Not  basing  an  m-house  tacilitv,  HDL  has  not 
been  able  to  take  advantage  of  and  use  powder 
melallurgs  during  the  prototv  pc  development  ot  a 
fuze  It  is  cardess  to  spue  it v  a  powdered  metal  part 
design  it  »t  has  not  been  thoroughlv  tested  and 
evaluated  before  the  release  of  a  TOP  Tests  con¬ 
ducted  on  similar  parts  made  ot  machined  pow¬ 
dered  metal  slugs  or  bar  stock  will  not  indicate 
precisolv  how  the  powdered  metal  part  might  per¬ 
form  It  is  possible  to  secure  some  off-the-shelf 
powdered  metal  pans  from  commercial  sources,  as 
has  been  done  with  some  present  oarts,  but  the 
development  ot  each  new  part  has  its  own  intnca- 
c  k*s  and  tends  to  be  one  of  a  kind  Some  exposure 
to  the  powdered  metal  design  process  has  prov  ided 
gradual  acquisition  of  knowledge  but  does  not  com¬ 
pare  to  the  expertise  that  would  accrue  from  actual 
experience  in  an  in-house  facility 


A  basic  inherent  problem  in  securing  small 
quantities  of  powdered  metal  parts  from  outside 
sources  is  the  operation  of  the  commercial  market 
place  Purchase  of  anv  prototype  pan  u  costly  It  is 
made  more  difficult  for  powdered  r  lelal  parts  be¬ 
cause  of  the  additional  special  compacting-press 
tooling  required  First,  this  tvpe  of  tooling  reduces 
the  number  of  available  competent  contractors 
Since  there  is  no  guarantee  that  a  prototype  part  will 
go  into  volume  production,  the  risk  factoi  for  a 
profitable  return  is  high  and  further  discourages 
potential  part  suppliers  But  even  when  a  con¬ 
tract  is  let.  there  is  high  probability  lhal  the 
prototype  part  design  and  possibK  even  the 
tooling  will  have  to  be  modified  Transaction  with  a 
supplier  then  requires  placing  a  new  contract  or 
renegotiating  the  original  contract— both  costly 
exercises 

Schodu:*ng  requirements  and  program  funding 
do  not  allow  a  designer  the  luxury  of  even  consider¬ 
ing  a  new  contract  or  the  renegotiation  of  the 
original  contract  Rather  than  go  through  the  afore¬ 
mentioned  process,  the  designer  must  re!>  on  ma¬ 
terials  and  designs  that  use  m-house  capabilities 

Thus,  a  part  that  obviousl>  called  for  use  of 
powdered  metal  would  be  fabricated  for  the  proto- 
t>pe  using  some  other  manufaclunng  process 
However,  in  settingup  a  production  line,  a  contrac¬ 
tor  would  naturall*  attempt  to  reduce  costs  bv 
fabricating  the  pan  out  of  powdered  metal  This 
would  often  require  redesign  of  the  pan  (as  a 
change  costJ  and  result  in  a  fuze  that  was  somewhat 
different  from  the  actual  validated  prototype  fuze. 
In  some  instances,  functional  performance  would 
be  adverse!*  affected,  introducing  costly  shut¬ 
downs  and  requiring  expensive  retesting,  revalida- 
tion  programs 

The  types  of  pans  that  are  often  made  of 
powdered  metal  m  industry  and  that  would  proba¬ 
bly  also  be  used  extensively  in  HDL  programs 
include  the  following  gears,  sprages,  pawls,  shafts, 
bushings,  plungers,  base  p‘ates.  housings,  and  other 
component  parts  used  in  small,  clock-type  control 
and  timing  mechanisms  At  the  present  time,  a  few 
of  the  more  standardized  smaller  and  simpler  fuze 
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components  of  this  type  nre  being  made  from 
powdered  metal  by  outside  contrac  tors. 

It  is  expected  that  the  demand  for  any  particu¬ 
lar  part  would  extend  up  to  a  maximum  of  about 
3000  units  in  any  particular  development  progrant. 
At  any  given  time  there  may  be  between  two  and 
five  parts  being  developed  in  powdered  metal.  In  a 
typical  month,  the  total  production  of  all  parts 
would  not  exceed  3000.  The  total  number  of  parts 
produced  will  be  divided  between  one  or  more  trial 
runs.  Units  would  be  used  to  check  the  basic 
design,  to  determine  dimensional  variations,  and  to 
provide  parts  for  various  types  of  environmental, 
strength,  and  operational  testing  A  longer  run  of  the 
final  prototype  design  would  provide  additional 
units  for  a  repeat  of  the  preceding  tests,  for  test  and 
evaluation  of  subassemblies,  and  for  tests  of  com¬ 
pletely  assembled  fuzes.  A  series  of  trial  runs  could 
be  required  before  an  acceptable  part  would  be 
produced.  A  general  trial  run  would  be  on  the  order 
of  1 00  to  200  units,  and  a  final  run  could  produce 
up  to  a  few  thousand.  Although  all  parts  made 
would  be  inspected  closely,  only  a  small  number 
would  be  used  in  the  various  detailed  tests.  A  total 
of  no  more  than  5000  of  a  specific  part  would  be 
made  between  trial  and  final  prototype  stages. 

The  low  unit  cost  per  pad,  coupled  with  the 
fast  cycle  times  of  the  required  presses  and  fur¬ 
naces,  makes  a  long  run  practical  for  checking  the 
press  operation  and  part  reproducibility.  With  a 
press  that  can  produce  10  to  40  parts  |X*r  minute, 
several  hundred  parts  can  be  made  very  quickly  to 
■check  for  such  things  as  powder  filling  and  unifor¬ 
mity  of  compaction.  The  inherent  design  of  these 
powdered  metal  presses  makes  fast  cycle  times 
possible,  but  \\  also  makes  such  detailed  checking 
necessary  for  setting  up  part  design  processing 
procedures 

The  large  runs  of  parts  can  also  be  handled 
quite  easily  by  the  sintering  furnaces  that  are  avail¬ 
able.  Except  for  the  small  batch  furnaces  that  are 
not  really  related  to  production  furnaces,  the  re¬ 
maining  suitable  furnaces  have  c  a  panties  similar  to 
the  general  range  of  the  presses  These  larger  fur¬ 
naces  also  make  it  practical  to  use  atmosphere 


equipment  corresponding  to  that  used  in  the 
production  furnaces.  With  the  larger  furnaces  and 
their  associated  atmosphere  equipment,  it  will  be 
possible  to  make  realistic  determinations  of  the 
production  variables  that  will  prove  useful  to  the 
ultimate  fuze  contractors. 

X-2. 6. 2  Powdered  Meta!  Processes 

Production  of  powdered  metal  parts  involves 
several  separate  processes.  First,  a  powder  of  the 
desired  composition  must  be  produced.  Then  this 
powder  is  pressed  into  compacts  of  the  desired 
shapcj  in  the  “green"  state.  These  green  compacts 
are  then  heated  until  their  powder  particles  are 
bonded  together.  After  this  heating  or  sintering 
process,  the  part  may  be  used  as  is  or  it  may  go 
through  some  combination  of  repressing,  sintering, 
and  impregnating  to  produce  the  desired  physical 
properties.  Final  machining  may  be  required,  de¬ 
pending  on  part  complexify. 

The  processes  naturally  dictate  the  equipment 
required  for  a  powdered  metal  facility.  The  equip¬ 
ment  falls  into  three  basic  operations — blending, 
compacting,  and  sintering.  Each  of  these  operations 
requires  its  basic  tools — the  mixer,  the  press,  and 
the  furnace,  plus  the  related  ancillary  equipment.  A 
further  descripiion  of  some  of  the  basic  processes 
involved  follows. 

Blending. —  The  first  step  in  producing  a  pow¬ 
dered  metal  part  is  to  secure  a  powder  of  the 
desired  composition.  The  blended  powder  usually 
consists  of  either  an  alloy  powder,  a  mixture  of 
elemental  powders,  or  a  single  elemental  powder, 
together  with  a  lubricant/binder,  such  as  zinc  stea¬ 
rate.  This  lubricant/binder  reduces  die  wall  and 
interparticle  friction.  It  also  makes  the  powder  more 
workable  before  pressing  and  helps  to  hold  the 
green  compact  together. 

Compacting. —  After  the  desired  powder  is 
secured,  it  can  be  compacted  by  several  types  cf 
presses.  The  three  basic  types  of  presses  are  the 
isostatic,  the  hydraulic,  and  the  mechanical.  The 
isostatic  press  uses  a  flexible  mold,  which  is  subject 
to  hydraulic  pressure  over  its  entire  outer  surface  to 
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produce  the  compacting  force  With  this  tvpe  ot 
press,  i*  is  easy  to  achieve  uniform,  homogeneous, 
high-oen>itv  parts  There  is  a  problem  in  designing 
and  securing  the  required  flexible  molds  The  pres¬ 
sure  produces  compaction  from  ali  d.rections  si¬ 
multaneously,  which  makes  the  calculation  of  the 
mold  shape  somewhat  difficult  These  presses  are 
also  quite  slow  and  difficult  to  .perate,  so  they 
would  not  be  user!  in  volume  production  There¬ 
fore,  use  of  such  a  press  in  house  would  make  it 
difficult  to  relate  our  expeuence  to  that  of  the  final 
fu?e  manufacturer 

There  reallv  is  no  dear  choice  between  the 
other  two  tvpes  of  presses  Although  the  method  of 
producing  the  compacting  force  is  entirelv  ditferent 
in  the  two  presses,  their  operation  is  nonethe*ess 
quite  similar  Mechanical  presses  use  an  arrange- 
mc<  *  of  earn*,  and  levers  to  produce  this  motion, 
hvdraulic  presses  use  hvdraulic  c>lmders  to 
produce  this  motion  Both  can  be  used  to  compress 
to  constant  densitv  (bv  use  of  constant  pressure). 
However,  u  is  doubtful  that  this  teature  would  be 
used  very’ often 

Both  the  merhanical  and  hvdraulic  presses 
produce  compaction  along  a  single  axis  but  there  is 
usually  more  than  one  compaction  (motion)  along 
this  axis  If  a  uniform  densitv  is  desired  over  the 
entire  pan  length,  multiple  ram  motions  are  re¬ 
quired  For  a  sirgle-level  oart,  compression  from 
one  side  onlv  against  a  die  will  produce  a  oensilv 
gradient  trom  the*  pjnch  face  to  the  bottom  of  the 
die.  Theretore  pressing  trom  top  and  bottom  is  a 
requirement  It  a  part  nas  more  than  one  level,  a 
separate  punch  with  inoej>endent  motion  will  be 
requ'.n-d  tor  eat  h  level  These  separate  punches  are 
required  so  that  then*  will  be  an  equal  c  omprcssion 
rai.o  in  each  level  of  the  part  This  equal  compres¬ 
sion  ratio  is  needed  to  produce  equal  densi’v  in 
each  level  because  powder  does  not  flow  hydrau- 
licallv  between  levels  In  a  forming  operation  ot  this 
type,  i  >c  ot  a  hydraulic  press  can  be  an  advantage 
A  hvdraulic  press  can  often  make  it  eas«er  to  have 
multiple  punches,  and  it  is  easier  to  control  and  alter 
the  motions  ot  these  punches 


Two  features  available  in  beth  mechanical 
and  hydraulic  presses  are  removable  die  set  tooling 
and  tooling  operating  on  the  withdrawal  principle 
Both  features  are  highly  desirable  ard  often  come 
together  A  die  set  is  a  removable  tool  holder  and 
tooling  set  which  ca"n  be  set  up  independent  of  the 
press.  This  allows  tooling  to  be  set  up  or  repaired 
while  the  press  is  being  used  with  another  set  of 
tooling  The  setting  cp  of  tooling  «s  usually  much 
easier  on  a  work  bench  than  in  the  confined  spaces 
cf  *he  main  press  frame  An  additional  advantage  of 
die  set  tooling  ts  that  it  holds  tolerances  more 
precisely  because  the  punches  and  die  are  held  in 
alignment  by  their  own  Pane  This  scaled-down 
frame  hold>  its  alignment  far  better  than  the  large 
press  frame,  which  also  has  to  take  the  loads  of 
producing  and  applying  the  compacting  force. 

Normally,  the  upper  punch  retracts  from  the 
d*e,  allowing  the  die  to  be  forced  up  by  its  float 
springs  from  the  lower  punch.  The  lower  punch 
then  moves  up  and  presses  the  compact  oui  of  the 
restrained  die  This  rebound  motion  leaves  the 
compact  unsupported  in  the  die.  often  causing 
cracks  Withdrawal  tooling  reduces  the  possibility 
of  breaking  compacts  when  they  are  removed  from 
the  press  In  w  ithdravv  al  tooling,  the  die  is  not  spring 
loaded  so  the  lower  punch  remains  in  contact  with 
the  compact  The  upper  punch  can  r_.,t  on  the 
compact  as  the  die  is  withdrawn  as  an  extra  protec¬ 
tion  against  crack  growth 

Sintering  Operations  —  Sintering  consists  of 
healing  the  green  compact  in  a  controlled  reduc¬ 
ing  atmosphere  to  a  temperature  below  the  melting 
point  of  the  base  metal  The  required  temperature 
vanes  .v.dely,  depending  on  the  material  being 
used  Powders  of  iron  and  copper  bases  require  a 
much  higher  temperature  than  those  of  aluminum 
bases.  At  the  sintering  temperature,  a  predomi- 
nantlv  solid-state  bonding  process  occurs  between 
the  po.vder  particles  o*  the  compact  It  is  this 
bonding  that  detern\nes  the  mechanical  and  physi¬ 
cal  properties  of  the  pan  After  cooling,  the  part 
may  be  used  as  is  or  it  may  go  through  further 
operations  to  develop  its  properties  These  could 
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include  repres^ng.  resmtenng,  impregnation,  or  in¬ 
filtration  Both  resmtenng  and  infiltration  involve 
the  sintering  furnace 

fhe  basic  tool  for  the  wintering  operation  is  a 
furnice  that  produces  a  high  temperature,  some¬ 
what  below  the  melting  point  of  the  metal  powder 
Because  it  is  desired  that  aluminum-,  copper-,  and 
iron-based  powders  be  used  at  various  times,  there 
will  be  a  large  difference  in  the  specific  furnace 
temperatures  required  Although  there  will  have  to 
be  a  compromise  tn  the  design  of  the  furnace,  it 
should  be  optimized  for  the  most  widely  used 
powders  those  of  non  and  copper  base  Both  have 
similar  temperature  and  atmosphere  requirements 
A  furnace  of  this  ivpe  would  also  be  able  to  handle 
aluminum,  although  it  would  do  so  at  a  substantial 
sacrifice  in  performance  when  compared  to  one 
des-gned  specifically  for  aluminum 

Any  production  rate  above  the  purelv  ore-of- 
a -kind  part  requires  an  in-line  type  of  furnace  This 
ivpe  ot  'uniace  feat* 'res  a  tong  tube,  enclosing  a 
selected  gaseoos  atmosphere,  w  ath  an  input  end,  a 
burn-off  heat  zone  (optional),  a  sinter  heat  /one, 
and  a  cooling  zone  The  ends  of  this  lube  a*e  sealed 
bv  dr-ors  from  the  outside  air  to  retain  the  control 
atmosphere  These  doors  have  a  burn-off  port  and 
pilot  to  provide  a  controlled  atmosphere  outlet 
Thev  also  have  a  flame  curtain  to  prev  ent  combusti¬ 
ble  atmosphere  trom  mixing  with  room  air  when 
they  are  opened  to  put  in  and  *emove  parts 

The  purpose  of  tin.*  two  heat  zones  is  to  ( P  f*rst 
burn  oft  the  volatile  powder  lubricants  and  binders 
at  a  low  temperature,  and  then  (2)  sinter  the  part  at 
a  higher  temperature,  just  below  the  melting  point 
of  the  metal  powder  The  burn-off  furnace  enables 
a  higher  product-on  rate  because  the  heal  load  is 
taken  up  bv  two  furnaces  It  also  allows  a  mo»e 
favorable  temperature  for  burn  off  than  that  of  a 
sintenrg  furnace  However,  at  the  low  production 
rale  proposed  here,  it  would  not  be  worth  the 
added  expense  of  the  burn-off  furnace 

Several  reducing  atmospheres  could  be  cho¬ 
sen  for  use  m  the  sintering  furnace  These  atmo¬ 
spheres  include  bottled  hydrogen,  cracked  fuel  gas. 


and  dissociated  ammonia;  the  latter  two  require 
general  ng  equipment.  Several  considerations  make 
dissociated  ammonia  more  attractive  than  the  otl»er 
atmospheres 

Cost,  storage,  and  nand'ing  problems  are  en¬ 
countered  when  bottled  hydrogen  is  used  as  an 
atmospnere  Bottles!  hvdrogen  cosfi  more  than  dis¬ 
sociated  ammonia,  even  when  the  total  costs  of 
producing  the  dissociated  ammonia  icvlinder  am¬ 
monia.  electric  power,  maintenance,  and  amortiza¬ 
tion)  are  included  Also,  one  1 50-lb  (about  67  kg) 
cylinder  of  amiroma  produces  the  same  volume  of 
atmosphere  as  34  cylinders  of  hvdrogen.  so  that 
storage  and  handling  of  the  latter  becomes  a  com¬ 
paratively  large  problem  At  the  proposed  operating 
rate,  it  would  mean  that  34  cylinders  of  hydrogen 
\  ould  have  to  be  handled  each  month  as  com¬ 
pared  to  only  one  cylinder  of  ammonia  Use  of 
bonk'd  hydrogen  is  also  disadvantageous  considtr.  - 
mg  the  labor  involved  in  changing  cylinders  and  the 
problems  of  delivers  into  a  r«*4ricted  area 

Cracked  fuel  gases  (evogas  and  endogas)  are 
atmospheres  rich  in  hydrogen  and  carbon  monox¬ 
ide  as  reducing  agents  However,  several  problems 
male  these  gases  undesirable  as  atmospheres  The 
gas  generators  require  a  natural  gas  supply  that 
would  be  questionable  at  best  in  terms  of  availabil¬ 
ity  These  atmospheres  also  contain  impurities 
which  are  detrimental  to  the  surface  of  the  pow¬ 
dered  mortal  oart  The  range  of  flow  rates  through 
these  atmosphere  generators  is  somewhat  re- 
si.  ,cted  compared  to  the  dissociated  ammonia  gen¬ 
erator,  and  the  homogeneity  of  the  output  gas  lends 
to  be  v  anable  with  flow  rate 


Dissociated  ammonia  is  produced  by  heating 
anhydrous  ammonia  (NH,)  in  the  presence  of  a 
catalyst  to  crack  it  into  nitrogen  <Nj)  and  hydrogen 
(H»)  The  output  gas  has  an  approximate  composi¬ 
tion  of  73 -percent  hydrogen  and  2 5 -percent  nitro¬ 
gen.  with  traces  of  undissoctaicd  ammonia  This 
atmosphere  lias  almost  the  same  effect  as  pure 
hydrogen,  since  the  nitrogen  -s  basically  inert  It  is 
somewhat  superior  to  hyd  ■  in  terms  of  fewer 
ha  rmful  i  mpurgies  a  nd  Jcaw..  ^w point 
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An  adt  tional  advantage  of  a  dissociated  am¬ 
monia  atmosphere  generator  is  that  a  hydrogen 
diffusion  unit  cou'd  be  added  to  produce  ultra  pure 
hvdrogen  as  ar.  atmosphere  The  hydrogen  diffu¬ 
sion  unit  uses  a  palladium  Silver  a'loy  as  a  diffusion 
medium  to  separate  hydrogen  from  other  consl.tu- 
ents  of  the  input  gas  This  arrangement  would 
require  excess  capacity  in  the  initial  ammonia  disso- 
ctaior  because,  on  a  volume  basis,  the  yield  ratio  is 
about  two  th'.ds  ot  the  dissociated  ammonia  inpui 


Model  Powder  Metallurgy  Facility  —  The 
equipment  listing  that  follow-s  describes  a  model 
powder  metallurgy  facility  at  two  levels  of  opera¬ 
tion  One  level  would  be  for  the  minimum  amount 
ot  equipment  required  to  start  such  a  lacility  This 
equipment,  bv  its  inherent  nature,  would  take  care 
ot  all  but  the  largest  powdered  metal  parts  to  be 
encountered  at  HDl  The  add.tional  equipment,  for 
a  higher  level  of  operation,  would  include  a  larger 
press  to  handle  the  larger  parts,  a  second  oven  for 
the  sintering  of  aluminum  parts,  and  an  ultra-pure 
hvdrogen  grreratmg  unit  Along  with  this  equip¬ 
ment  would  go  'he  increased  storage  and  handling 
equipment  required 


Basic  equipment 

Compacting  press,  1 5-ton  capacity,  72  in  long 
by  40  in  wide  by  93  in  high,  7100  lb,  440  V, 
3  phase,  55  hp 
Die  sets,  spare 

Sintering  furnace,  30  Ib/hr  capacity,  180  in  long 
by  54  in  wide  by  66  in  high,  440  V,  3  pnase, 
25  kW 

Ammonia  dissociator,  300  cfh  capacity,  60  m 
long  by  36  in  wide  by  72  *r.,  high,  440  V,  3 
phase,  9  kW 

Atmosphere  control  equipment 
Infiltration  chamber 
Powder  blending  mill 
Part  storage  cabinets 

Additional  equipment  desired 
Compacting  press,  40-  to  60-ton  capacly 
Sintering  furnace,  aluminum  parts 
Ultra-pure  hydrogen  generator  plus  ancillaries 
Additional  storage  and  handling 
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Chapter  XI. — Computer  Support  for  the  Prototype  Validation  Facility 
by  Robert  H.  Ro£?n 


Xl-1.  Introduction 

A  number  ot  areas  within  the  PVF  require 
computer  support  This  support  w ill  be  provided  bv 
a  combination  ol  minicomputers  and  intelligent 
terminals  that  will  be  acquired  tor  the  PVF,  and  bv 
variojs  tvpes  ot  computers  and  process  control 
eouipmenl  planned  lor  or  alreadv  present  at  HDL 
For  example  the  latter  equipment  includes  the 
Direct  Numerical  Control  Master  Svstems  Control¬ 
ler  <DNC-MSO  which  supports  the  Research  and 
engineering  Support  l  aboratcrv  *RESL),  the  geneial- 
purpose*  laboratory -wide  automation  network 
ISPt  \R»  and  the  large-scale  HDl  central  computer 
system  operated  b\  the  HDl  Management  Informa¬ 
tion  Sv  stems  Oitice  (MiSO)  Tms  comb'pation  of 
equ  p' rent  \viH  be  rete*  r  xi  to  throughout  this  chap- 
ter  ar  the  'System  ' 

An  imj>ortant  feature  ot  the  computer  support 
is  the  use  ot  a  common  data  base  ot  miormation 
describing  the  dews  and  components  that  pass 
through  the  PVF  This  irtormai-on  will  be  used  and 
upda*ed  b\  the  \ar*ous  computer  applications  ir> 
the  °VF  Thus,  the  status  of  devices  and  data  on  the 
devices  will  be  available,  in  a  central  location,  as 
input  to  a  vanelv  ol  application  programs  user!  both 
inside  ind  ouPide  the  PVF  The  use  ot  these  data 
outside  the  PVF  .s  not  addressed  m  this  chapter 
Some  ot  these  outside  applications  will  obviousK 
be  improvement  ot  fuze  designs  tiuze  ojxxalion  as 
well  as  tu/e  produ ioilit\ t  documentation,  draw¬ 
ings  technical  data  packages  'TOP  s>,  manutactur- 
ing  methodologies  and  tochnqucs,  etc  .  but  this 
material  is  be.ond  tlrescop<  ot  *hs  chapter 

In  the  following  sections  of  this  chapter,  the 
chsses  o"  applKra'mns  »hit  will  be  arpported  are 
descr.bcd  and  applications  are  discussed 

Appendix  XI- *\  sh^ws  sp^xific  uses  *o  be  rrvtde  ol 
this  support  b\  the  fictlilio-  in  the  PVC  Appendix 
Xl-B  is  a  oibhog'apby  ot  some  articles  and  texts 


which  provide  information  on  the  use  of  computers 
m  computer-aided  design  (CAD),  engineering,  test¬ 
ing,  and  manufacturing 

XI-2.  Data  Entry,  Transmission,  and  Collection 

The  System  must  be  able  to  accept  data  from  a 
number  of  sources  The  sources  can  be  roughly 
classified  .nto  three  areas  data  entry,  computer 
transmitted  data,  and  automated  data  col'ect  on 

Manual  data  entry  will  he  used  whenever  *t  is 
necessary  to  enter  data  into  h*'  System  which  are 
not  in  irach*ne- readable  form  Tvprcal  applications 
would  include  incoming  inspection  .n-process 
manual  inspections,  directives  to  the  System,  etc 
For  the  most  part,  the  input  drv.ee  will  be  similar  to 
a  teletypewriter  However,  in  >ome  cases  it  will  be  a 
special  device  whch  is  de>igned  for  a  specific 
function  te  g ,  where  anK  numeric  information  is  to 
be  input,  the  teiminal '  would  have  just  a  numeric 
kev  pad)  Another  important  data  entry  device  will 
be  graphical  in  nature  This  w :*l  include  both  digitiz¬ 
ers  and  graphtes  terminals  The  graphics  terminals 
will  generally  be  used  to  facilitate  the  analysis 
per icrmcJ  on  devices  passing  through  the  PVF 

Data  on  the  devices  within  the  PVF  will  reside 
within  a  number  ot  different  computers,  some  in¬ 
side  and  some  outside  the  System  The  data  will  be 
transmitted  to  that  computer  on  which  it  is  most 
appropriate  tor  the  work  to  be  penormed  fhe  two 
machines  within  the  System  that  will  primarily  be 
responsible  for  the  switching  and  transmission  of 
the  data  will  be  the  communication  front-end  con¬ 
troller  of  the  SPEAR  Network  and  the  DNC-MSC  of 
theRESl. 

The  automated  data  collection  portion  of  the 
System  will  be  used  to  acquire  real-time  data  on 
devices  as  thev  pass  through  v.  ious  portions  of  the 
PVF  The  data  collected  will  generally  be  used  in 
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the  PVF  for  two  purposes  (a)  to  provide  control  of  a 
process  being  carried  out  in  the  PVF  teg,  the 
weighing  and  sorting  of  the  components  of  thermal 
power  supplies),  and  (b)  to  collect  data  on  items 
under  test  for  subsequent  analysis,  quality  control, 
and  simulation  studies  For  example,  the  stability 
and  repeatability  ot  S&A  control  parameters  could 
be  monitored,  and  resulting  data  could  be  used  to 
control  the  fabrication  of  additional  p.ototvpes 
Simultaneous^,  thedaia  could  be  used  as  input  into 
reliaoilitvsl'idies 

XI-3.  Design,  Analysis,  Simulation,  and 
Management  Information 

Most  of  the  “raw  computer  power”  that  the 
PVF  wil'  require  will  be  used  tor  the  design  and 
development  of  “production  methodologies 
based  on  the  prototype  engineering  design  and  on 
the  prehni«nar>  TDP's,  the  analysis  of  data  gener¬ 
ated  during  the  simulated  “production'  runs,  the 
design  of  device  tests  and  the  analysts  of  the  result¬ 
ing  data,  and  the  pertormance  of  computer  simula¬ 
tions  of  the  real  production  process  It  will  also  see 
considerable  use  in  providing  information  to 
management  on  the  status  of  oevic**s  and  programs 
within  the  PVF  Most  ot  the  CAD,  analysis,  and 
simulation  will  be  done  on  the  main  HDL  computer 
system  Most  ot  tne  data  translation  and  temporary 
storage  will  be  done  on  the  DNC-MSC  Some 
topical  tasks  which  will  be  performed  are  set  »orth 
below 

Auer  the  des.gn  ot  a  device  has  been  per 
t'ecied  and  initial  prototv pes  have  been  tested,  it 
wil  be  nec.-svarv  to  determine  those  problems  that 
mav  anse  during  prod*  ^lion  ot  the  dev  ice  by  indus¬ 
try  Using  the  engineer  s  design  data  and  informa¬ 
tion  from  the  preliminary  TOP,  computer  programs 
yyill  be  run  that  will  control  the  '“arious  machines  in 
the  PVF  by  use  of  compu’er-aidea  manufacturing 
(CAM)  techniques  These  computer  studies  will 
determine  potential  manufacturing  problem  areas 
For  example.  NC  parts  programmers  will  use  the 
drawing  data  «»nd  the  APT  computer  program  «o 
control  the  NC  machines  producing  mechanical 
parts  Work  flow  studies  yvill  be*  conducted  to 
determine  the  best  order  and  procedure  for  me¬ 


chanical  parts  manufacture  As  parts  proceed 
through  the  PVF,  generated  data  will  modify  the 
work  flow  design  Problem  areas  yvill  be  isolated 
and  changes  will  be  made  to  the  manufacturing 
procedures  that  yvill  eliminate  the  difficulties  The 
results  of  this  effort  will  be  guidelines  to  the  indus¬ 
trial  manufacturer  that  will  expedite  setting  up 
production  lines  with  a  minimum  of  problems 
and/or  delays  in  producing  reliable  fuzes  at  loyvest 
cost 

Devices  are  evaluated  in  three  phases — the 
test  design,  the  test  and  the  analysis  of  test  data 
Various  design -of-expenments  computer  programs 
will  be  used  to  develop  statistically  sound  tests  (e  g , 
Probe  Test,  Random  Balance  Test)  Specialized 
computer  programs  will  be  used  to  develop  the 
detailed  procedures  for  performing  the  tests  Test¬ 
ing  yvill  usually  be  monitored  and  controlled  by 
local  mini-  and  microcomputers  and  by  the  distrib¬ 
uted  intelligence  in  the  SPEAR  network  Data  gener¬ 
ated  by  tests  performed  outside  the  PVF  (eg.  at 
remote  test  sites)  will  be  transmitted  v<a  the  SPEAR 
network  into  the  common  data  base.  After  tests  are 
completed,  other  programs  yvill  be  used  to  analyze 
the  data  and  pinpoint  weaknesses  in  the  "manufac¬ 
tured”  product 

Simulation  of  the  complete  i manufacturing 
process  will  be  a  major  computer  support  task  for 
the  PVF  Using  data  from  each  of  the  stations  within 
the  PVF  and  a  simulation  program  wn  in  an 
appropriate  language  (CPSS  or  Simscnpt)  the  high 
rate  production  process  yvill  be  simulated  Results 
of  the  simulation  will  be  used  to  “tune  '  the  process 
so  that  final  recommendations  to  manufacturers 
will  indicate  the  best  process  of  several  presented 
alternatives 

The  use  cf  the  Svstem  to  provide  current, 
detailed  information  is  a  capability  that  yvill  enable 
management  to  exercise  better  contiol  over  pro¬ 
grams  being  .conducted  in  the  PVF  The  exact 
nature  of  the  reports  will  depend  on  the  type  of 
information  desired  However,  one  prediction  can 
be  made — much  of  the  outout  will  be  presented 
graphically*  Management  is  usually  more  con¬ 
cerned  yvith  overall  trends  and  levels  than  specific 


numenc  values  Craphirs  is  the  best  wav  to  present  Interdata  80/Adage  GP420  graphics  system 

this  type  of  information  The  computer  programs  Tektronix  401 5  DVST  graphics  terminal 

that  produce  the  reports  will  be  nonprocedural,  Imlac  cDS/4  graphics  terminal 

user  directed  i  e .  there  will  not  be  a  fixed  report  SPEAR  low-speed  Data  Acquisition,  Test, 

output  format  The  user  will  be  able  to  direct  the  and  Control  (DATAO/Graphics  system 

prnfyam  in  a  simple,  English-I.Ve  language  State-  SPEAR  medium-speed  DATAC  system 

menls  Wse  Assorted  SPEAR  time-sharing  teletypewriter 

terminals 


PIOT  NUM8£R  Of  REJECTS  VERSUS  CONVEYOR  SPEED 
will  be  used 

Another  important  management  tool  will  be 
resource  scheduling  Because  the  PVF  will  not  be 
an  intensive  use,  high-volume  manufacturing  plant, 
many  of  its  facilities  and  much  of  its  equipment 
(eg,  rot3ty  tables,  nonsync  hronous  transfer  lines, 
etc  » will  be  shared  among  the  activities  in  the  PVF 
By  the  use  of  an  appropriate  shop  scheduling  pro¬ 
gram,  the  u«e  of  these  resources  wil'  be  scheduled 
to  minimize  disruption,  and  inefficiencies 

XI-4.  Equipment  Requirements 

The  exact  configuration  and  amount  o 
computer-like  equipment  that  will  be  required  de¬ 
pends  to  a  great  extent  on  the  exac*  makeup  of  (he 
operations,  equipment,  and  facilities  within  the 
PVF  However  certain  pieces  of  equipment  will  be 
used  independent  oi  the  precise  makeup  of  the 
PVF  A  majority  of  the  requisite  compute'  resources 
will  exist  before  the  PVF  is  implemented  1  his  vet  of 
equ-pment  is  listed  in  section  \l-4  I  Some  addi¬ 
tional  equipment  will  be  acquired  specifically  tor 
use  in  the  PVF  This  latter  equipment  is  listed  in 
section  XI-4  2 

Xt-4.  1  Existing  *nd  Avji/jibfe  Computer 
Resources 

The  following  computer  resources  are  on 
hand  and  accessible  at  HOI. 

IBM  370/  l  68  compiler 

Direct  Numerical  Control— Master  Systems 
Controller  PDP-11 /Adage  GP430  graphics 
system 

Computer  Vision  Design  System  (2) 


X/-4.2  Required  New  Computer  Resources 

The  following  computer  resources  are  re¬ 
quired  to  support  th*»  HDL  PVF. 

SPEAR  high-speed  DAT  AC's  12) 

SpEAR  low-speed  DAT AC's  (6) 

limited  distance  modems  (1 0) 

Inout  terminals  (3) 

Additional  Adage  computer-aided  design 
terminal 

Microprocessor  controllers  for  computer- 
aided  manufactunng 

Miscellaneous  probes,  interconnection  de¬ 
vices,  etc. 

Computer  software 

Xl-S.  Alternatives 

The  alternate  to  providing  complete  com 
puter  support  for  the  PVF  i>  to  use  only  the  casting 
equipment  (sect  XI-4  1>  which,  although  extensive, 
lacks  the  hardware  connection  and  software  sup¬ 
port  for  the  PVF  set  forth  previously.  Witnout  this 
connection  and  support,  the  automated  activities, 
the  analysis,  the  simulation,  etc  .  described  before 
will  be  greatlv  curtailed  «n  some  cases  and  impossi¬ 
ble  in  most  cases  None  of  the  automated  1  nks,  the 
on-hne  data  bases,  or  the  real-time  data  acquisition 
w»ll  be  performable.  Thus,  the  advantages  that 
could  be  realized  by  full  use  of  computer  support 
will  not  be  achieved  and  the  potential  benefits  to 
the*  vanous  programs  w*ll  be  severely  restneted 

It  should  be  recognized  that  the  existing 
equipment  and  capabilities  were  not  implemented 
for  the  PVF  but  were  acqu  red  for  other  support 
The  augmentations  recommended  will  enable  the 
FVF  to  make  use  of  the  existing  HDl  capabilities; 
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thus,  the  PVF  will  have  the  advantagesot  a  modern, 
multimi'lion-dollar  computer  support  svslem  at  a 
traction ot  that  cost 

XI-6.  Conclusion 

tn  order  for  the  PVF  to  be  e»ecti\el>  used,  it  is 
necessarv  that  this  faolitv  have  adequate  computer 
support  HOL.  as  part  ot  itv  ongoing  mission,  has 
implemented  a  svstem  to  p'ovide  extensive  com¬ 
puter  support  tor  the  various  laboratorv  organiza¬ 
tions  and  their  personnel  Extending  this  supoort 
into  the  PVF  will  increase'  the  usefulness  and  greatly 
improv  e  the*  eftectiv  enpss  ot  the  PVF 

Appendix  Xl-A.— -Applications  of  Computer 
Support  within  the  PVF 

XI- A.  1  Introduction 

Giv en  Mow  are  desc  options  of  some  specific 
applications  ot  computer  support  within  the  PVF 
and  within  facilities  directlv  associated  with  the 
PVF  Information  is  also  given  on  computer  applica¬ 
tions  that  are  outside  the  scope  of  the  PVF.  but 
w  hose  results  are  related  to  the  activ  sties  ot  the  PVF 

XI- A. 2  Fleclromec funial  facility 

ia>  Delecting  and  controlling  th  *  -xxmomng 
ot  parts  during  assemblv 

lb)  Controlling  the  tc*sting  ot  Hectromech«tni- 
cal  nvxlules  and  acomring  S&A  variable  and 
attribute  data 

let  Analvsis ol test  data 

tdt  Qualitv  as-stirarxe  control  of  electrome¬ 
chanical  fabrication 

re>  Kinematic  studies  ot 'nechamsms. 

XI-A.3  Semiconductor  Prototype  Fabrication 
2nd  Vjlidjtion 

(a)  Control  of  the  testing  of  integrated  circuits 
(IC’st  under  electncal  and  environmental 
stress 


(hi  Analvsis  of  test  data 

tc>  Computer-aided  design  and  layout  of  1C 
masks 

XI- A. 4  Power  Supplies 

(at  Automated  testing  of  power  supplies  and 
analvos  oi  test  results 

tbl  Controlling  and  monitoring  assemblv  of 
power  supplies 

(c)  Automated  control  of  weighing  and  sort¬ 
ing  of  the  elements  of  thermal  power  supplies 

»d)  Controlling  assembt>  of  air-driven  power 
supplies 

(e)  Computer-aided  design  of  masks  of  fluidic 
power  supplies 

Xt-A.5  Printed -  Wiring  Bairds  (PWB's) 

(at  Computer-aided  routing  and  layout  of 
PWB's 

(b>  Numerically  controlled  drilling  of  PWB  s 

XI-A.6 .  Electronic  Boird Assembly 

tat  Controlling  robots  and  other  automated 
assemblv  equipment 

(bt  Automated  testing  of  electronic  subassem¬ 
blies  and  anaYvis  of  collected  data 


Xt-A.7  Automated  Fabrication  of  Thick  Film 
Circuits 

Com*  ater-aidcd  circu»t  design,  layout, 
and  artwork  preparation 

(b>  Computer  control  and  monitoring  of  cir¬ 
cuit  fabrication 

(c)  Computer  control  of  User  resistor  trimmer. 


112 


I 


(d)  Computer  mon-lonng  o*  material 

inventory 

le>  Computer  testing  and  qualitv  assurance 
(QA)  ot  incoming  material 

(0  Computer-aided  testing  ot  thick  t.lm 
circuits 

XI' A. 8  Automated  Fuze  Assembly 

tat  Computer  *hedulng  and  <  ontro'^ng  o! 
nonsv  nchronous  transter  line-- 

.b)  Control  ot  robots  and  other  meces  ot  as- 
semblv  equipment 

XI-A.9  Fuze  Testing 

lai  Automated  data  acquisition  Irom  tu/es  un¬ 
der  test  and  anaK  sis  ot  the  test  results 

lb)  Automated  test  setup  using  robots  to  posi¬ 
tion  fuze  conned  to  tester,  an-'  re*mo\e  alter 
test 

XI- A.  10  Bn/ironmental  Validation  laboratory 

ta)  Computer-aided  design  ot  environmental 
stimuli 

«b‘  Computer-!  ontrotk*!  testing,  data  acquisi¬ 
tion  and  analysis 

Xl-A.  1 1  Mechanical  Fabrication 

la  I  CorrqKJtef -aided  design  ot  mechanical 
parts,  molds  jigs,  etc 

(h)  Numeric allv  controlled  machining  ot 
parts,  molds.  |igs.  etc 

(c>  Computer-aided  inspection  and  quafilv 
control  of  fabricated  parts 


XI- A.  12  Management  Control  and  Aids 

tat  Computer-generated  slat  js  reports 

tbt  Computer-aided  planning  studies 

ic‘  Simulation  oi  manufaclur.ng  methodolo¬ 
gies  and  tot  hmques 

id>  Resource  sc  hedulingot  PVF  tacililies 
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(d»  Computer  control  ot  stock  inventory 
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Chapter  XII. — Planning  and  Progress 
by  Harry  E  Hill,  Jr. 


After  the  initial  formulation  of  the  PVf  con¬ 
cept  it  became  apparent  that  the  question  of  Gov¬ 
ernment  or  company  operation  would  have  to  be 
decided  early,  because  of  the  need  for  certain  basic 
support  activities  and  choice  of  geographical  loca¬ 
tion.  After  preliminary  examination,  Hamilton 
Technology,  Inc ,  Lancaster,  PA,  emerged  as  the 
best  choice  for  a  company-operated  facility  Hamp¬ 
ton  was  geographically  desirable  because  of  its 
closeness  to  the  fuze  developers  Hamilton  pos¬ 
sessed  COCO  facilities  that  were  not  in  use  and 
were  available.  Furthermore,  Hamilton  was  experi¬ 
enced  m  fuze  fabrication  and  assembly  The  choice 
for  Go\ ernment  operation  was  the  Harry  Diamond 
Laboratories  This  would  place  the  fuze  designers 
and  prototype  fabrication  dose  to  each  other  and 
also  would  allow  the  use  of  the  current  facilities  at 
HDL  for  prototype  fabrication  and  necessary  sup¬ 
port  activities  An  economic  analysis  showed  the 
construction  and  operation  of  the  PVF  at  the  HDL 
site  at  Adeiphi,  MD.  the  better  choice-  The  HDL 
location  and  Government  operation  shows  a  dis¬ 
counted  total  project  cost  ads  antage  of  4  '  million 
dollars  for  the  seven-year  economic  fife  used  and  is 
further  supported  by  the  nonquantifiable  benefits. 

Having  established  HDL  as  the  location,  the 
equipment  selection  process  changed  HDL  has 
existing  shop  facilities  that  are  used  for  fabricating 
prototypes  and  specialized  equipment  for  fabricat¬ 
ing  prototype  subassemblies  of  some  electronic 
fuze  vomponents  These  facilities  were  first  exam¬ 
ined  to  identify  areas  that  differed  from  current  and 
anticipated  industrial  practices  Equipment  selec¬ 
tion  now  emphasized  these  areas  w  here  differences 
occurred.  New  areas  were  also  included  Th*s  ap¬ 
proach  was  used  to  minimize  capital  investment 
while  still  providing  the  functional  capabilities  nec¬ 
essary  for  a  PVF. 

The  additional  equipment  required  by  the  PVF 
necessitated  expansion  of  the  current  floor  space  in 
the  Research  and  Engineering  Building.  This  expan¬ 
sion  had  beer,  part  of  the  long-range  construction 


plans  at  the  new  facilities  at  Adeiphi.  MD.  The  initial 
plan  was  formulated  in  April  1975  In  May  1975, 
this  plan  was  reviewed  by  top  management  at  HDL 
and  rejected  Top  management  directed  the  devel¬ 
opment  of  a  thiee-year  project  plan  with  military 
construction  in  die  second  and  third  years.  Also 
specified  was  the  selection  of  one  element  of  the 
PVF  for  first-vear  funding  Thick  film  hybrid  circuit 
fabrication  was  selected,  and  a  forma!  request  for 
funding  was  made.  This  complete  plan  was 
presentee  and  the  first  year  element  rejected  at  the 
FY 77  Apportionment  Hearings  at  the  Armament 
Research  and  Development  Command.  Concur¬ 
rently,  management  at  HDL  deferred  the  Military 
Construction  Army  (MCA)  one  year. 

These  deferrals  caused  a  reevaluation  of  the 
three-year  plan  At  the  same  time,  the  individual 
chapters  were  submitted  and  more  detailed  and 
accurate  information  was  available  on  equipment, 
space  requirements,  and  operations  All  this  infor¬ 
mation  was  reviewed  and  analyzed  The  result  of 
this  was  the  formulation  of  a  five-year  plan  for 
eqjipment  purchase  with  construction  occurring  in 
the  second  and  third  years. 

In  desefaping  this  plan,  several  criteria  were 
u>ed  in  selecting  the  year  of  purchase.  The  impor¬ 
tance  of  need  was  the  governing  selection  criteria 
All  the  technologies  and  equipment  selected  are 
deemed  necessary  for  the  successful  operation  of  a 
PVF,  but  the  i «i.. mediate  need  for  some  and  the 
economic  benears  derived  from  them  ju^ify  their 
earlier  selection  The  best  example  of  this  type  of 
module  is  the  thick  film  hybrid  OFH)  facilities.  In 
examining  the  direction  of  fuzing  technology,  TFH 
ts  the  newest  and  a  major  cost  dnver  in  new  fuze 
procurement;  because  of  this  it  was  the  first  module 
selected  Operating  efficiency  was  considered  next. 
First,  operating  efficiency  was  considered  as  de¬ 
fined  by  the  normal  flow  of  work  in  the  PVF- 
component  or  subassembly  fabrication,  fuze  as¬ 
sembly,  testing,  and  support  activity.  Second,  self 
sufficiency  of  the  operating  modules  was  consid- 
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ered  Since  ,t  is  possible  that  some  segments  of  the 
PVF  facilities  would  be  approved  and  not  othets, 
modules  were  selected  so  that  equipmem  pur¬ 
chased  uould  be  beneficial  and  could  be  justified 
even  though  equipment  for  the  complete  facility 
was  not  obtained  Thus,  each  sear's  funding  will 
providea  specific  increase  in  the  operation  capabil¬ 
ities  of  the  PVF  .  The  second  vear  MCA  made  space 
requirements  a  consideration  when  selecting  mod¬ 
ules  (or  the  first  and  second  project  years  Not  only 
is  space  very  limited  at  HDl,  but  also  the  type  of 
space  needed  tor  PVF  equipment  is  not  generally 
available  within  the  General  Purpose  laboratory 
Prerequisites  for  operating  modules  were  consid¬ 
ered.  although,  as  stated  above,  termination  of  the 
project  at  the  end  of  any  funding  year  will  not  affect 
the  capabilities  acqu.  ed  up  :o  that  pent  The  rotary 
tables  scheduled  for  purchase  in  the  second  vear 
are  necessary  for  the  electromechanical  module 
and  electronic  test  module.  Therefore,  the  electro¬ 
mechanical  module  is  a  prerequisite  for  the  elec¬ 
tronic  test  module,  however,  failure  to  obtain  the 
latter  moduie  will  not  negate  use  of  the  equipment 
in  the  electromechanical  area  Delivery  time  for  the 
equipment  was  only  considered  when  it  affected 
one  of  the  other  selection  criteria  Since  most  of  the 
equipment  is  standard  commercial  equipment,  de¬ 
livery  time  is  typically  very  short 

Figure  Xtl-1  shorn  the  five- vear  plan  as  devel¬ 
oped  m  FY77  The  lionrontal  stops  on  the  figure 
represent  different  modules  of  the  PVF  In  some 
cases,  these  strips  are  divided  -nto  submodules,  as 
with  the  power  supply  moduie  Each  submodule 
shown  -s  self-sufficient  and  can  function  without 
subsequent  year  funding  for  equipment  Typically,  a 
module  extends  for  one  vear.  The  third  vea-  was  an 
exception,  and  these  funds  were  extended  through 
the  first  quarter  of  the  fourth  year  This  is  projxjsed 
so  that  delivery  of  equipment  coincides  with  the 
completion  of  the  building  The  MG\  composes  a 
second-floor  addition  to  the  Research  and  Engi- 
neenng  Support  Building  (2031  The  addition  Will 
provide  approximately  40,000  ft*  of  additional 
space  for  the  PVF 


Figure  Xll-l.  Five-year  plan  for  Prototype  Validation 
Facility. 

This  plan  was  acted  on,  and  requests  were 
submitted  for  the  MCA  and  55  oerceot  of  the 
equipment.  The  TFH  equipment  was  s\.*i  in  the  first 
year,  but  was  also  backed  up  by  a  second-year 
funding  request  under  an  alternative  funding  cate¬ 
gory.  This  was  dene  because  there  was  some  con¬ 
cern  during  the  first  submission  about  the  correct¬ 
ness  of  the  funding  category  The  MCA  was  re¬ 
viewed  and  approved  by  the  Department  of  the 
Army.  The  Corps  of  Engineers  was  instructed  to 
proceed  with  the  final  design  in  February  1977.  The 
five-year  plan  suffered  a  major  setback  m  May 
1977,  when  the  MCA  was  deferred  one  year.  This 
caused  another  complete  review  of  the  plan  be¬ 
cause  of  the  need  to  coordinate  the  equipment 
acquisition  and  the  building  construction 

As  a  result  of  reviews  at  HDl,  it  was  decided 
that  the  earlier  funding  request  for  TFH  equipment 
would  be  dropped  and  the  back-up  request  used 
Requests  for  printed  circuit  equipment  and  me¬ 
chanical  parts  equipment  would  be  deferred  one 
year  while  some  semiconductor  equipment  would 
be  moved  up  one  year. 

With  the  MCA  deferred  another  vear.  space 
requirements  became  critical  m  planning  the  ac- 
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quisition  cf  equipment  It  was  decided  that  a  shift  of 
the  w  hole  five-year  plan  was  not  desirable  Instead, 
a  four-year  plan  was  developed  This  plan  is  shown 
in  figure  XII-2  A  shift  to  the  four-year  plan  was 
possible  because  of  the  ongoing  acliv  ities  during  the 
previous  year.  The  major  drawback  to  this  plan  was 
(he  high  dollar  value  of  equipment  required  in  year 
four  This  equipment  includes  items  that  have  been 
under  review  Although  a  final  decision  has  not 
been  made,  »t  appears  that  approximately  25  per¬ 
cent  ct  the  fourth  vear  equipment  will  be  deleted 
The  major  changes  that  are  being  considered  are  in 
mechanical  parts  fabrication,  power  supply  assem¬ 
bly,  and  semiconductor  fabrication  Funding  re¬ 
quests  have  been  prepared  and  submitted  for 
equipment  through  year  three  Funding  requests  for 
equipment  in  year  four  were  prepared  in  March  and 
April  1979  and  were  submitted  by  June  1979  The 
review  of  this  equipment  and  a  thorough  analysis  of 
the  economics  of  its  purchase  were  completed  in 
March  1979 
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Figure  XII-2.  Four-year  plan  for  Prototype  Validation 
Facilily- 

The  four- vear  plan  represents  current  (hinting 
at  HDl. allhough  the m-tiation date  ot  this  plants  in 
doubt  because  of  the  deferral  of  the  MCA.  This  plan 
originated  in  1975  as  a  two  vear  plan  and  has 
evolved  to  the  current  four- vear  plan  Matching  the 
acquisition  ot  equipment  to  the  building  schedule 


was  the  pnmary  reason  for  extending  the  years  of 
equipment  purchase  The  desire  to  minimize  the 
additional  staff  necessary  for  operating  the  PVF  also 
contributed  By  relying  heavily  on  training  of  cur¬ 
rent  personnel  to  operate  the  equipment,  time  had 
to  be  provided  for  this  training.  This  training  can  be 
accomplished  while  continuing  normal  Model  Shop 
Prototype  Fabrication  assignments  during  the  four- 
year  plan  Industrial  equipment  and  processes  will 
continue  to  be  monitored  by  HDL.  and  if  belter 
equipment  or  processes  become  available,  appro¬ 
priate  modifications  will  be  made  to  the  plan 
Changes  are  not  expected  to  be  dramatic  but 
because  of  the  four  sears  involved  m  purchase  and 
the  dynamics  of  the  electronics  fabrication  industry 
some  changes  are  anticipated 

Since  the  earlv  planning  of  this  project,  the 
staffing  and  operating  costs  of  the  PVF  have  been  a 
concern  to  all  involved.  The  goal  was  to  accomplish 
all  work  with  existing  staff  This  goal  was  thought 
achievable  by  use  of  personnel  in  the  Mechanical 
Engineering  Support  Branch  and  the  Electronic  En¬ 
gineering  Support  Branch.  These  Branches  fabricate 
the  prototypes  now.  and  would  experience  a  de¬ 
cline  in  their  workload  with  the  PVF  m  operation 
This  establishment  of  a  "part-time"  labor  force  to 
operate  the  equipment  removes  the  burden  of 
down-time  expenses  from  the  PVF  The  fluctuating 
nature  of  R&D  work  will  invariably  cause  periods  of 
relative  inactivity  and  peak  work  penods.  With 
proper  scheduling.  the<e  periods  can  be  balanced 
with  other  demands  for  similar  services  at  HDL. 
Because  of  the  planning  necessary  in  scheduling 
work  and  the  amount  of  equipment  to  be  main¬ 
tained,  »t  is  necessary-  to  have  a  small  permanent 
statf  It  is  felt  that  the  scheduling  and  maintenance 
of  the  PVF  can  be  accomplished  by  six  people,  two 
professionals  and  four  technicians.  These  people 
would  not  represent  an  increase  in  personnel  at 
HDL.  They-  would  be  transferred  from  other  areas 
of  the  organization  and  permanently  attached  to 
the  PVF.  The  two  professionals  would  include  a 
mechanical  engineer  and  an  electronic  engineer 
The  four  technicians'  duties  would  be  equally  di¬ 
vided  between  setup  and  maintenance.  The  exact 
responsibilities  would  vary,  depending  on  the  back¬ 
ground  of  the  individual 


117 


Y 


5 

4 

f 


\i4J3Xtf  WAV'  tvtUShr 6 A&tlkt, i/A. 


Chapter  XIII.— Summary  and  Conclusions 
by  Harry  E.  Hill,  |r..  and  lohn  |  Furlani 


The  stated  principal  obiective  of  this  study 
was  the  definition  of  a  facility  that  could  manufac¬ 
ture  and  test  prototype  electronic  fuzes  using  ad- 
vanced  state-of-the-art  production  techniques  Th.s 
objective  has  been  realized  The  technrfog.es  and 
equipment  necessary  to  apply  them  have  teen 
enumerated,  the  facility  has  been  laid  out  ,n  detail 
and  a  mult, -year  plan  for  implementation  of  the 
findings  of  this  study  has  been  developed. 

This  study  IS  the  |oint  effort  of  nine  branches  at 
HDL  The  distribution  of  work  was  recommended 
by  a  Steering  Committee  that  convened  to  reviess 
this  protect  The  committee  deeded  that  the 
project  should  be  managed  by  the  Engmeenng 
Support  Branch  and  that  tasks  related  to  specific 
component  areas  would  be  delegated  'n^appro- 
priate  branches  within  HOI.  It  was  felt  that  this 
method  would  provide  for  the  broadest  input  to  the 
project  within  HOL  at  the  lowest  cost.  The  mitia 
reaction  of  several  branches  to  the  prototype  vah- 
dation  facility  (PVF)  concept  was  skepticism.  Skep¬ 
tical  or  not.  they  began  to  examine  how thes -were 
doing  things,  what  industry  was  tong. 
changing  designs  after  testing,  and  problems  that 

now  occur  m  the  manufactunng  of  elect  ton, efuzes 
Attitudes  gradually  changed,  and  skeptics  became 
advocates  The  conversions  first  occurred  within 
each  area  of  expertise  and  gradually  expanded  rmo 
overlapping  areas.  Not  all  technical  groups  support 
the  need  for  the  complete  facility.  This  is  primanly 
because  the  problems  peculiar  to  one  area  are  not 
understood  by  those  in  other  disciplines  Mis  he 
consensus  of  those  involved  that  the  evolved  plan 
SSm  be  m  Cemented  and  that  all  elements 

should  be  included 

The  prototype  validation  facility  represents  a 
reemphash  of  production  aspects  dunng  devebp- 
ment  This  had  been  considered  dunng  develop¬ 
ment.  but  the  PVF  now  provides  'be  '^  for 
verification  of  produc.bility  Not  only  -H  the  orfs 
be  provided,  but  the  development  personnel  will  be 
actively  involved,  allowing  them  to  benefit  from 


this  experience.  Knowledge  gained  during  proto- 
jype  fabrication  will  be  used  to  aid  the  management 
of  contractors'  efforts  dunng  development  and  later 
during  the  production  phase  Further,  production 
techniques  specific  to  a  particular  design  will  be 
passed  along  to  the  contractor  to  reduce  transition 
time  from  development  to  production 

The  semiconductor  research  and  develojs- 
ment  IR&O)  personnel  at  HDL  have  been  produc¬ 
ing  -c-vees  for  electronic  fuzes,  radars,  and  optical 
systems  for  many  years.  They  have  been  innovators 
m  semiconductor  technology,  for  example,  they 
developed  the  two-step  reduction  process  for  mask 
making  and  the  use  of  the  step-and-repeat  camera 
for  generating  large  arrays.  Much  of  their  current 
work  is  directed  toward  the  development  of 
radiation-hardened  semiconductor  devices  for  no¬ 
tary  use.  The  trends  developing  in  this  area  are  the 
increased  use  of  silicon  monrfnhic  devices  and  the 
integration  of  fuze  functions  The  emphasis  will  be 
on  bipolar  and  complementary  metal-oxide  semi¬ 
conductors.  The  facilities  proposed  will  allow  for  a 
practical  transition  between  demonstrating  feas.b.1- 
■jy  and  ensunng  producibility-  The  area  will  have 
precise  environmental  control  to  minimize  contam- 
i nation,  an  ,on-,mplant«  for  the  accurate  place¬ 
ment  of  impurities,  injection-molded  plastics  en¬ 
capsulating  for  lower  costs,  and  semiautomatic 
equipment  for  process  control 

The  electromechanical  experts  identified  two 
separate  areas  where  improvements  are  required. 
The  first  area  identified  was  the  support  area  of 
mechanical  parts  fabneation  The  use  of  low-cost 
fabneation  techniques  such  as  stamping,  coming, 
casting,  sintering,  and  molding  is  desirable  in ,  many 
,  electromechanical  components,  including  S&A  de¬ 
vices.  These  capabilities  are  necessary  for  compo¬ 
nent  fabrication  so  that  assembly  and  test  opera- 
r  tions  will  be  performed  on  similar  items  Because  ol 
s  stringent  safely  requirements,  extensive  testing  is 
e  required  of  S&A  mechanisms,  and  process  changes 
n  often  require  the  repetition  of  these  tests.  The  sec- 
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ond  area  identified  was  mechanized  assembly,  test¬ 
ing,  and  inspection  This  is  mteg.al  to  the  design  of 
the  mechanisms  and  has  the  potential  of  large 
savings  Currently,  these  are  labor-intensive  areas 
and  the  work  is  done  by  hand  The  emphasis  will  be 
on  mechanization  and  merging  of  the  assembly  and 
test  operations  Mechanization  will  also  offer  im¬ 
proved  safety  in  the  fabrication  area 

Thick  film  microelectronic  fabric  ltion  and  as¬ 
sembly  is  a  technology  recently  applied  to  elec¬ 
tronic  fuze  circuits.  It  is  not  only  an  emerging 
technology,  but  one  that  currently  is  expensive  for 
military  systems  The  increasing  use  of  multifunc¬ 
tion  fuzes  and  the  increasing  interest  in  fuzing 
smaller  munitions  are  causing  the  use  of  this  tech¬ 
nology  more  and  more.  Problems  that  need  to  be 
worked  on  in  this  area  are  (1)  the  prmt-and-fire 
parameters  that  allow  the  needed  fine  line  conduc¬ 
tor  patterns  and  achieve  minimal  resistor  trimming. 
t2)  adoption  of  active  resistor  trimming,  compati¬ 
ble  with  high  production  rates,  (3)  automatic  wire 
bonding  with  a  single  visual  alignment,  and 
t4t  development  of  low-cost  packaging  techniques 
for  the  ordnance  environment 

T*^  printed  wiring  board  fabrication  area  will 
allow  for  additive  and  subtractive  board  processing 
and  multilayer  board  fabrication  Printed  wmng 
boards  will  continue  to  be  used  in  electronic  fuzes 
when  space  permits  and  in  other  applications  be¬ 
cause  they  are  rugged  and  relatively  inexpensive  In 
addition,  pnnted  circuit  board  techniques  are  used 
in  the  fabrication  ot  antennas  and  rf  stnpline  cir¬ 
cuitry  This  area  will  provide  the  capability  for 
fabricating  printed  circuits  in  large  arrays  which 
reduce  handling  and  are  desirable  with  automatic 
insertion  equipment  New  processes  will  also  be 
introduced  such  as  the  additive  process,  which  uses 
less  copper  and  results  m  less  waste,  and  multilayer 
board  fabncation,  which  increases  circuit  density 
and  allows  pnnted  circuit  techniques  to  be  used  on 
more  complex  circuitry 

The  electronic  board  assembly  area  will  em¬ 
phasize  machine  insertion  of  components.  The  rela¬ 
tively  low  cost  of  pnnted  circuit  boards  compared 
to  thm  and  thick  film  circuit  methods  and  the 


proven  ruggedness  of  these  subassemblies  in  the 
ordnance  environment  virtually  assures  their  con¬ 
tinued  use.  Modern  hand  assembly  stations  and 
machine  insertion  will  both  be  used  The  high 
density  of  components  in  some  electronic  applica¬ 
tions  requires  partial  or  complete  hand  assembly 
Whenever  possible,  machine  insertion  will  be  used 
to  decrease  hand  labor  requirements  for  these  as¬ 
semblies.  The  use  of  large  array  circuits  for  machine 
insertion,  mass  soldering,  and  automatic  lead  cut¬ 
ting  all  affect  circuit  topolog/.  Circuits  assembled  in 
this  facility  will  have  demonstrated  compatibility 
with  all  of  these  mass-production  techniques. 

Most  of  the  research  and  development  that 
extends  the  state  of  the  ari  m  power  supplies  for 
electronic  fuzes  is  conducted  by  the  Government 
Safety  requirements,  limited  space,  and  the  ex¬ 
tended  shelf  life  of  electronic  fuze  power  supplies 
make  them  unique.  Four  power  supply  types  meet 
these  requirements,  liquid  reserve,  thermal  reserve, 
turboalternator,  and  fluidic  generator  The  technol¬ 
ogy  base  for  these  is  highly  specialized  and  radically 
different  from  the  commercial  battery  industry.  The 
power  supply  area  is  alrvdy  heavily  commuted  to 
prototype  power  supply  fabrication  The  equipment 
that  power  supply  personnel  is  proposing  will  aug¬ 
ment  what  they  already  have  with  the  emphasis  on 
techniques  and  processes  that  are  very  close  to  or 
can  be  readily  adapted  to  those  used  by  commer¬ 
cial  manufacturers  In  addition,  materials  will  be 
evaluated  for  their  suitability  to  satisfy  performance 
cnieria  and  for  their  adaptability  in  fabricating  the 
required  power  supply 

The  goal  of  the  environmental  test  area  is  to 
achieve  accelerated  conventional  environmental 
tests.  This  is  necessary  so  that  the  environmental 
testing  can  keep  pace  with  the  increased  rates  of 
mechanized  assembly.  If  production  rates  increase, 
the  current  level  of  confidence  can  be  maintained, 
and  if  production  rates  remain  constant,  the  testing 
level  of  confidence  can  be  increased.  The  high  cost 
of  field  tests  and  the  time  delay  between  fabrication 
and  field  testing  make  accelerated  environmental 
testing  desirable.  Field  tests  will  not  be  eliminated, 
but  accelerated  environmental  testing  will  provide  a 
quick  reaction  screening  of  production  units  and 


allow  for  early  detection  of  faulty  production  units 
The  PVF  ca.n  provide  prototypes  that  closely  repre- 
sent  production  items.  1  hi$  will  result  in  improved 
correlation  of  test  results  to  final  field  performance 
These  efforts — combined  with  recent  advances  in 
the  technology  of  simulated  environmental  test¬ 
ing— have  the  potential  of  replacing  field  teslirg, 
after  miaal  correlation,  with  simulated  environr-m- 
tal  testing 

The  electronic  tes*  area  is  where  the  proper 
functioning  of  the  fuze  is  validated  Experience  has 
shown  that  on-line  testing  of  electronic  fuzes  (par¬ 
ticularly  the  radiating  type)  is  a  critical  factor  in  the 
production  process  Design  and  fabrication  of  such 
equipment  has  accompanied  each  fuze  develop¬ 
ment  with  the  soecifications  and  o‘ten  the  equip¬ 
ment  itself  being  given  to  the  production  contractor 
for  inclusion  on  the  produc’ion  'me  Numerous 
measurement  and  inspection  tecnmques  already 
exist  and  are  in  use  in  automatic  fabrication  and 
assembly  lines  for  commercial  mechanical  and 
electronic  items  Many  of  these  methods  are  di¬ 
rectly  applicable  to  fuze  manufacture  and  can  be 
incorporated  into  an  automatic  line  will,  a  high 
degree  of  confidence  Other  aspects  of  fuze  testing, 
however,  particularly  special  conditions  apply  ing  to 
radiatmg-type  proximity  fuzes,  base  no  direct 
counterpart  in  high  production  items  on  the  com¬ 
mercial  market  U  is  on  the  second  type  o*  testing 
that  the  prototype  validation  facility  will  concen¬ 
trate.  Recent  advances  in  microprocessors  and  rela¬ 
ted  automatic  equipment  have  permitted  an  ex¬ 
panded  and  more  sophisticated  role  for  such  equip¬ 
ment  Mechanical  handling,  automatic  cvchng  of 
tests,  and  marking  of  tested  fuzes  will  be  included 
Minicomputer  control  of  the  microprocessor- 
controlled  test  station  will  provide  flexibility  and 
real-time  data  acquisition. 

The  electronic  assembly  area  examined  two 
problems,  the  final  assembly  of  electronic  fuzes  and 
methods  of  nonstandard  fastening  The  relative 
merits  of  rotary  or  synchronous  machines  and  non- 
synchronous  transfer  machines  were  dtscussed  in 
some  detail  in  the  chapter  desenbing  the  Electro¬ 
mechanical  Facility  Thert?  it  was  concluded  that 
rotary  tables  were  better,  but  for  final  fuze  assembly 


the  nonsynchronous  system  is  advantageous,  and 
for  this  application  such  a  system  is  proposed  Twc 
types  of  'K>nstandard  fastening  methods  were  pro¬ 
posed  ultrasonic  and  laser  This  equipment  will  be 
used  to  '-upport  both  the  electromechanical  and  the 
power  supply  areas.  Several  ultrasonic  bonders 
were  proposed  to  provide  the  needed  range  of 
frequencies  and  power  levels  Two  laser  systems 
w-ere  also  propose  a  200-  to  500-W  vttrium 
aluminum  garnet  (YAQ  or  ruby  laser  and  a  1  -  to  5- 
kW  CO:  kser  The  ability  of  the,  type  of  equipment 
to  concentrate  on  small  areas  minimizes  the  possi¬ 
bility  of  damaging  other  areas  or  components  on 
the  w  ork  piece  Both  techno*ogies  are  being  adop¬ 
ted  by  industry  for  high-rate  quality  production 
because  of  their  control!ab.lity  and  a  resultant  low 
reject  rate 

The  mechanical  parts  fabrication  zrea  will 
operate  m  support  of  Ihe  rest  of  the  facility.  The 
pnmary  deficiencies  cited  by  development  groups 
were  the  lack  of  powdered  metal  and  die-casting 
technology  The  addition  of  these  capabilities  ac¬ 
counts  foi  most  of  the  effort  Special  design  consid¬ 
erations  safety  requirements,  and  physical  proper¬ 
ties  of  the  parts  require  the  use  of  production-like 
parts  during  development  testing  Because  of  the 
large  inventory  of  equipment  and  extensive  use  of 
screw  machine  parts,  two  screw  machines  were 
specified.  These  parts  are  not  the  most  desired, 
because  of  dependance  on  foreign  equipment,  but 
until  proven  alternatives  are  developed  they  will 
continue  to  be  used  in  quantity  in  electromechani¬ 
cal  devices  The  current  numerically  controlled 
machine  tool  and  plastic  molding  equipment  is 
considered  necessary  and  sufficient  for  proper  op¬ 
eration  of  the  overall  facility.  A  general  shop  and 
inspection  area  is  also  necessary  to  support  the 
facility.  These  capabilities  are  also  enumerated 

There  are  a  number  of  areas  within  the  Proto¬ 
type  Validation  Facility  where  computer  support  is 
required  This  support  will  be  provided  by  a  combi¬ 
nation  of  minicomputers  and  intelligent  terminals 
that  wiil  tie  into  existin',  computer  facilities  at  HDL. 
Management  will  use  these  facilities  for  scheduling, 
inventory  control,  and  costing  information. 
Computer-aided  design  and  manufactunng  will  be 
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coordinated  with  the  NC  equipment  throughout  the 
facility  Portable  terminals  will  provide  real-time 
data  acquisition  from  operating  equipment  and  on¬ 
line  test  setups  These  data  can  then  be  analyzed 
and/or  used  as  inputs  to  simulation  programs  Since 
the  PVF  will  have  single  pieces  of  equipment  when 
the  production  facility  may  have  many,  the  cost  of 
end  items  in  production  will  rely  to  some  extent  on 
the  ability  to  simulate  the  proposed  production 
facility  on  computer* 

Once  each  of  the  areas  was  defined,  the 
individual  areas  were  integrated  into  one  combined 
facility  This  involved  the  removal  of  duplicabons 
and  the  addition  of  areas  overlooked  i*»  the  separate 
chapters.  Figure  XIII- 1  *hows  the  layout  of  the 
proposed  facility.  The  proposed  location  to  house* 
the  PVF  is  a  second-floor  addition  to  the  Research 
and  Engineering  Building  at  the  Harry  Diamond 
Laboratories,  Adelphi,  MD.  Chapter  XII  (Planning 
and  Progress)  describes  the  plan  for  the  Prototype 
Validation  Facility  in  detail,  including  the  construc¬ 
tion  and  a  listing  of  necessary  equipment. 

Of  real  concern  is  the  problem  of  maintaining 
the  PVF  capability  when  the  work  level  »$  low.  This 
problem  was  considered  early  in  the  study  and  was 
recognized  as  a  critical  factor  in  assessing  the  prac¬ 
ticality  of  the  PVF.  it  was  concluded  that  if  an 
element  of  the  PVF  required  the  permanent  assign¬ 


ment  of  specialists  for  operation  then  it  was  not 
practical  for  inclusion  As  a  result,  each  of  the 
several  study  groups  was  informed  that  they  should 
approach  the  problem  with  the  assumption  that  the 
PVF  activity  could  be  maintained  with  existing  staff 
Further,  if  specialized  knowledge  was  required  for 
the  operation  of  certain  types  of  equipment,  it 
zould  be  obtained  by  training  and  not  by  recruiting 
additional  staff  This  was  considered  to  be  a  reason¬ 
able  limitation  since  equipment  already  existed  and 
was  being  used  to  fabricate  orototypes.  With  addi¬ 
tional  training,  existing  staff  could  become  profi¬ 
cient  in  the  operation  of  the  equipment  required  for 
the  PVF.  Further,  since  the  emphasis  was  being 
placed  on  producibility.  more  prototypes  would  be 
fabricated  on  the  new  and  less  on  the  old  equip¬ 
ment.  Thus,  the  overall  workload  would  not  be 
significantly  increased 

An  economic  analysis  was  made  comparing 
the  predicted  costs  of  fuzes  in  production  under  the 
current  system  versus  these  costs  with  ihe  Proto¬ 
type  Validation  Facility  in  operation.  This  analysis 
was  based  on  the  assumption  that  the  utilization  of 
the  PVF  during  development  will  provide  a  head 
start  toward  the  later  production  phase.  This  was 
estimated  to  result  in  a  10-percent  reduction  in  unit 
production  cost  Over  an  II -year  period.  11 
projects  were  considered  The  details  are  included 
:n  a  document  titled  Economic  Analysis  for  the 


Figure  Xlll-1.  Layout  of  proposed  Prototype  Validation  facility. 


Research  and  Engineering  Support  Annex,  July 
1978  This  analysis  concluded  that  a  total  present 
value  of  savings  amounted  to  1 7  03  million  dollars, 
a  savings-to-mvestment  ratio  of  2  32  and  a  rate  of 
return  on  investment  of  22  percent  These  figures  of 
course  include  the  cost  of  construction,  equipment 
purchase,  and  operating  expenses 

There  is  strong  rationale  to  support  the  conclu¬ 
sion  tnat  a  prototype  design— using  industrial-type 
fabncat’on  methods  made  on  production-like 
equipment  that  is  validated  by  various  test  methods 
before  release  for  production  engineering— will 
present  fewer  problems  and  fewer  scheduling  de¬ 
lays,  and  will  result  in  a  cheaper,  more  reliable  end 
product  Computer  support,  on-line  test  data,  and 
simulation  testing  will  also  provide  documented  test 
data  packages  against  which  later  production-run 
unit  can  be  measured  Because  of  the  v™ous 
production  options.  HDl  personnel  would  be  used 
efficiently  by  shifting  people  among  the  various 


areas  as  work  loads  change  This  w-51  provide  a 
group  of  people,  well  versed  in  the  various 
production  areas,  that  wll  be  able  to  go  to  contrac¬ 
tor  plants,  consult  with  and  advise  the  corlractor  in 
setting  up  production  lines  pinpoint  problem  areas, 
and  assist  generally  At  least  one  individual  will  be 
responsible  for  overseeing  and  coordinating  all  op¬ 
erations,  including  value  engineering,  design-to- 
cost,  quality  assurance,  reliability,  and  develop¬ 
ment  of  prototype  tes*  data  packages  Another 
individual  will  act  as  the  library  and  conduit  for 
collecting,  staying  abreast  of,  and  disseminating 
state-of-the-art  and  technological  advances  relating 
to  product  engineering  and  automation  The  PVF 
group  will  form  a  reservoir  of  in-house  expertise 
that  will  stay  abreast  of  the  latest  advances  in 
production  technology  areas  pertinent  to  electronic 
devices,  including  fuzing  They  will  thus  be  in  a 
position  to  advise  Army  headquarters  staff  regard¬ 
ing  electronic  technology  production,  thus  assuring 
a  strong  defense  posture,  complemented  by  mobili¬ 
zation  readiness 
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